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PREFACE 


Almost every minute of every day a new book begins to emerge 
from some press of some country in the world. Books about 
every conceivable subject, from stars and planets to terrestrial 
geology, and everything natural and artificial which hes between. 
It is true that there is an infinite number of things to write about, 
but it is equally a fact that most things are described in print to an 
infinite extent! But there is one exception to this rule, and that is 
to be found in this fascinating subject of television. So quickly 
has television developed into a perfected and practical form out of a 
crude chrysalis, which rested apparently little changing through the 
years, that the scribes have yet to marshal their forces (and sources 
of information !) for the inevitable grand attack. Meanwhile, with 
television here at last and capable of bringing first-class talking 
pictures of both topical and purely entertainment natures into many 
homes, where can the sceker of facts and interesting information 
concerning it turn for a truly comprehensive and authoritative 
volume on the glamoreus subject ? To be sure a few television 
books have been published, but the pioneering energy and 
enthusiasm of their authors could not invest them with the power to 
embrace the rapid march of television progress, for that branded 
their efforts as out-of-date almost before they were published. 

Clearly, then, it is quite unnecessary to search for an excuse for 
the presentation of this present volume. In being an all-embracing 
work on modern television it has no predecessor. The “ high 
definition ’’ service and technique of the new television have been 
moulded into practical forms during only the few months preceding 
the writing of these words. It would have been humanly impossible 
for any one man to have gathered together all the material for the 
complete but popular television survey that lies between the two 
covers of this book. It was only possible with the aid of a carefully 
selected team of experts. Any practised technical journalist would 
be able to compile a passable handbook on say, electricity, for there 
is a wealth of appropriate text-books from which he could draw his 
information. But to make the “ Book of Practical Television ” the 
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complete guide that it is, fio such easy procedure was possible. A 
great proportion of the material had to be derived from first-hand 
experience, but this has enabled us to obtain a considerable amount 
of valuable information regarding the practical aspects of the 
science. For instance, the chapters describing the theory and 
operation of cathode-ray tubes and time bases not only deal with 
the most modern developments, but also give details of their 
relative performances. It should be mentioned that the pages 
devoted to apparatus suited mainly to low-definition systems are 
included not so much on account of the historical interest of the 
now terminated B.B.C. 30-line experimental transmissions, as 
because an understanding of the comparatively simple devices 
concerned proves an admirable introduction to the chapters covering 
the more complicated high-definition systems, and enables these 
more easily to be understood. Further, low definition technique 
will undoubtedly be practised for some long time by amateur 
transmitters and others interested in certain specialised aspects 
of television. 

It will be noticed that the “ Book of Practical Television ’’ is a 
carefully welded amalgamation of the contributions of the individual 
experts and is not a disjointed series of articles. Its preparation 
was largely more in the nature of a collaboration, and many of the 
contributors actually gathered together on frequent occasions to 
discuss the work, even going so far as to carry out practical 
investigations and attend demonstrations together. 

In view of the thoroughness of its compilation no doubt 
the “‘ Book of Practical Television ’’ will prove of great use to the 
television engineer and the television industry. But that is only 
incidental to its completeness. Its main purpose is to provide 
enjoyable and informative reading for the listener and potential 
‘looker ’’ and practical and trustworthy guidance for television 
experimenters and home constructors. That is why complicated 
formula and intricate geometrical illustrations of a purely theoretical 
interest have been avoided in favour of straightforward and easy- 
to-understand text and sketches and interesting photographs. 
Therefore, readers without scientific knowledge or training will not 
be handicapped ; we are confident that they will enjoy reading the 
book, and when they have done so they should have the satisfaction 
of knowing that they are equipped with as much general television 
knowledge as is at present practically the monopoly of a mere 
handful of men? 


G. V. D, 


Chapter 1 
SEEING AT A DISTANCE 


THE QUALITY OF THE NEW TELEVISION—-THE FIRST 
B.B.C. STATION—-HOW THE PICTURES COME OVER—BRIGHT- 
NESS AND SIZE—-CREATING PERFECT ILLUSIONS—CINEMA 
COMPARISONS-—-WHY AREN'T GIANT ‘“‘ CLOSE-UPS” CON- 
SIDERED ABSURD ?—TELEVISION DEFINITION A FIXED 
QUALITY—-A “SILLY SYMPHONY” EXAMPLE—MENTAL 
ADAPTATION—-EASY LOOKING—-SHIFTING YOUR MENTAL 
VIEWPOINT—-PERFECT HOME ENTERTAINMENT—PAVING THE 
WAY FOR MODERN STANDARDS. 


oO far, relatively few people have witnessed the modern television 
under domestic conditions. No doubt the generally accepted 
idea is that it is pretty crude and is little more than a tiny, dim 
flickering picture which is tiring to the eyes and doesn’t show much 
more than shimmering spots and splotches. Probably many will 
decide to wait for “improvements,” believing that everything 
must at its very beginning be only a ghostly precursor of better 
things to come. 

This is a reasonable assumption in view of the crudenesses of 
the infant phonographs, motor-cars, aeroplanes and other innova- 
tions of the past generation or two. But history does not quite 
repeat itself in the case of television. The development of 
this new science has been without parallel. Television was 
“just round the corner” for many years. And it obstinately 
stayed just round the corner. Its progress scemed to halt in a 
most exasperating manner, and many reputable scientists came 
to the conclusion that twenty, or even fifty years at that, might not 
prove long enough for the final touches to be given to it. 

Some went so far as to ask in so many words, “ It is said that 
television is bound to come, but is everything bound to come? 
Didn't scientists search for centuries for the ‘ philosopher's stone ’ 
which could change base metal into gold? Aren’t there men still 
convinced after scores of years of disappointment that the elixir 
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of life, perpetual motion and other such things are almost within 
hand’s grasp? Just round the corner, as it were?” | 

And then, practically overnight as it seemed, television turned 
the corner and arrived. For ten years or so it hovered on the 
doorstep leading from the laboratory to the public spaces of practical 
politics and then, with a single leap, it was over. The pessimistic 
_ prophets were shown to be false prophets. 

Exactly how this all came about is a fascinating story, but before 
we venture on the enjoyable task of unfolding it for the benefit 
of readers of this book, it may be as well if we give a quick descrip- 
tion of the new television. Incidentally, the reason why we shall 
continue to employ the terms, “ new television ” and “ modern 
television ” will become apparent to the reader before he reaches 
the end of this chapter. : 

The First B.B.C. Station. The first station of the B.B.C. 
television service is designed to serve London, and it will have a 
range of about twenty-five miles although, in certain cases, this 
range may be exceeded by”“as much as ten miles. Owing to the 
special nature of the television broadcasts it is not possible to extend 
this range appreciably merely by increasing the power of the 
transmitter, as can be done with sound broadcasting. Therefore, 
it will be necessary to have a chain of stations in order to provide 
a nation-wide service. 

The pictures receivable in the home will vary considerably 
with the type of receiving apparatus used. That should be easily 
understandable. Any serviceable aeroplane will lift you into the 
air, but it depends upon the type (and price!) of the particular 
aeroplane you use as to how far and how fast it will carry you 
through the air. And so the brightness and size of your television 
pictures will depend upon the instrument you employ to glean 
movies from the ether. The definition of the pictures should not 
vary very much. As for flicker of the kind you get from a-slowly- 
running cinema projector, the jerkiness that accompanied the early 
silent films, there will be very little of that whatever the receiving 
instrument. 

The new television is transmitted with a “ pictures per second ” 
standard higher than the modern films. Therefore, its smoothness 
of action or picture movement, to use familiar if not quite techni- 
cally correct words, is very good. The technical difficulties are greater 
than in the films, but by means of ingenious systems of interlaced 
scanning and so on, results fully comparable are obtainable. The 
definition, too, is largely a function of the transmission and not of 
reception. And it is “ high definition’ as all will know. That 
term means what it says. The detail of the pictures is comparable 
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to the detail given by a good newspaper illustration, that 1s, on all 
but the poorest receiving apparatus. © 

Brightness and Size. The brightness and size of pictures is 
a purely reception limitation. On first rate gear black and white 
pictures bright enough to show clearly in a lighted room are possible 
on a screen twelve by nine inches, and even larger. Lower down 
the scale screens of but four or five inches or so square are met 
with and illumination making it desirable for the pictures to be 
witnessed in a dark room for comfortable “ looking.” 

Nevertheless, the mistake should not be made of discounting 
entirely these smaller and dimmer pictures. It should be remem- 
bered that they are “ talkies ”’ and not silent pictures. There is 
a great difference between these, a difference that is psychological 
of course, but none the less real. It has been said that television 
can provide nothing more than a talking cabinet photograph. 
But size is not an all-important factor in the creation of illusion, 
though naturally it plays some part, and when it is controllable 
within wide limits as in a cinema, it is an art-quality that is employed 
generously. The question may well be asked that if a small tele- 
vision picture must mevitably militate against the creation of 
perfect illusion, why shouldn’t a giant close-up on a cinema screen 
also do that ? 

Cinema Comparisons. In the course of any celluloid drama 
the glamorous features of one or more of the stars are reproduced 
in such dimensions that they practically fill the screen. But the 
audience is not at once aware of anything particularly incongruous 
in having the talking image of a giant face, perhaps forty feet in 
diameter, thrust before it, with cavernous mouth opening to reveal 
teeth truly as large as tombstones, and false eyelashes as big as 
cricket stumps waving with exaggerated emotion. 

The fact is that the human imagination is immensely adaptable, 
and in those few words you have the answer to what many find 
to be an extremely perplexing problem, that is, if they ever think 
about this matter of film picture sizes at all; we would hazard 
the guess that very few do. There is a widespread belief that the 
bigger you make a picture the better it becomes. Certainly you 
will see more of the detail of a gnat’s geography if you place him 
underneath a microscope, but the same reasoning does not apply 
to film pictures, 

You can test this simply enough for yourself. Study a good 
postcard photograph of your favourite film star, or any clear photo 
for that matter, and then when you go to a cinema the next time 
carefully examine one of the huge close-ups which are flashed on 
the screen. The relative magnification will be something equal 
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to that applied by « fairly high-powered microscope, but you 
won’t see much, if any, exaggeration of detail. It 1s a good job too, 
otherwise the huge screen image would reveal such things as the 
sweat glands of the skin and other pathological details, which 
would in truth destroy many illusions ! 

Television Definition a Fixed Quality. If the cinema projector 
could be moved nearer and nearer to the screen the while you 
too moved closer in order to accommodate yourself to the smaller 
picture that resulted, you would find that the diminishing size 
was followed by an apparent increase in the sharpness of its 
definition, though you wouldn’t see any more detatl. This is a 
vital fact to note and the cause of it is that this definition as such 
is fixed by the film just as the definition of television is fixed in 
the transmission. No amount of juggling with screen sizes, etc., 
at the receiving end can add to the definition of the pictures. 

It has also been said that while the compass of the ear is limited 
to a mere handful of different notes ranging from an organ’s bass 
rumble to the squeak of a piccolo or violin top note, the compass 
of the eye can never be extended to its limits except by the broad 
open spaces of nature. And that any attempt to satisfy the eye 
with small pictures on a screen is bound to fail leaving the owner 
of that eye fully conscious all the time that he is in fact merely 
looking at a small picture. This may be right up to a point, and 
it depends upon the imaginative pliability of the looker as to 
how much he will be able to immerse himself in the subject of 
the picture and forget the vehicle which brings it before his eyes. 

If it were impossible for any of us to become subjective lookers, 
cinematography would have had a short life limited to its novelty 
appeal. When this is remembered no conflict with the purely 
scientific optical laws, dealt with in the later chapters, need be 
suspected. We are here concerned with rather more abstract 
things—imagination for example. But the reality of the part 
magination plays in the cinematographic art is considerable and 
is easily illustrated. 

A ‘‘ Silly Symphony ’’ Example. It is common knowledge that 
the Mickey Mouse cartoons are nothing but clever drawings (about 
fifteen thousand of them to each episode) and yet such is the 
power of the humay imagination that Mickey Mouse, Pluto, Donald 
the Duck and others of the ingenious Walt Disney creations have 
assumed almost human qualities in the minds of a large number 
of film fans. Some of the Silly Symphonies have been so successful 
in the creation of illusion that tears of emotion have been extracted 
from the eyes of audiences in sympathy with the plight of cartooned 
grasshoppers and other such fantasies. Cartooned grasshoppers, 
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mark you, with no parallel in reality, 
grasshoppers as big as horses or as 
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Fig. 1—In this case it is obvious that the 
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object is liable to shrink 


expand at any mo- 


ment and yet the audi- 


remains quite en- 


thralled. No jarring note 
of artificiality seems to be 
struck if the practised pro- 
ducer of a film decides to 
dodge about with his dimen- 


screen is too large for a man sitting at that sions. On the contr ary, with 
distance from it, He would find a smaller sg much of it having been 


screen more Satisfactory 


its actors and actresses at a fixed distance 
from the camera's eye were shown, then no 
doubt the audience would consider that 
something was wrong ! 

The comparatively small television 
screen is, therefore, not in itself any in- 
superable limitation to the creation of 
illusion. It can only show talking human 
beings of doll-like size but the looker will 
not find himself feeling any sense of 
incongruity so long as the subject ts of good 
entertainment value. If this were not the 
case then it could be as equally well argued 
that the receiving television screen should 
prove a better medium for Walt Disney’s 
Silly Symphonies than the full size cinema 
screen, for his delightful insect and animal 
absurdities would for the most part appear 
in sizes nearer to the dimensions of the 
things cartooned. 

Actually, however, it would seem that 
the size of the beings and things depicted 
is somewhat irrelevant and that the 
measurements of the screen are concerned 
almost entirely with clear seeing. You 
would at once notice the change if your 
favourite cinema suddenly introduced a 
quarter-size screen, for you would find it 
more difficult to see the pictures from the 
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if a film presenting all 
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Fig. ra—For a certain size 
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find the most comfortable 
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position in the auditorium in which you usually sit. That is, if you 
possessed normal or short sight. Long-sighted folk might consider 
it an improvement, though in none of the cases might there be 
any real difficulty. 

Mental Adaptation. Once more we come up against the 
psychological. A man occupying a seat from which he could 
obtain only a sharply oblique view of the screen is generally 
considered to be unfortunately positioned. And so he might be, 
unless he had occupied the same seat every time he went to the 
cinema for a long time because of some counter attraction such as 
a freedom from draughts. If those draughts were to be stopped, 
and he thereupon tried a central, and so-called “‘ better ” seat for 
which he would doubtless pay more money, he would probably 
find he was unable to obtain such “ easy looking ”’ for the simple 
reason that he had schooled his vision and his mind to the oblique 
view. Yet in another cinema he might enjoy a central view and 
not be conscious of any feeling of strangeness. ‘‘ Easy looking ”’ 
scems to be the clue to the whole problem. And our man in the 
side seat of the cinema found his easiest looking there because his 
hatred of draughts was greater than his desire for the more natural 
straight-on viewpoint. 

Easy Looking. Would you get easy looking if your television 
screen were as big as the side of the room? Decidedly not. You 

would be “ too close 

SUDDEN EXPANSION! to the picture.”” You 

— would feel the urge 
to get farther and 
farther back so that 
you did not have 
to wave your head 
about from side to 
side and up and 
down continuously in 
Sees : a order to be able to 

Ciosé Up DisTan Snort comprehend ne 
Fig. 2—‘' Any screen personality of arly is Hable to = whole of the picture 


shrink ot expand at any moment, . An exa of 
the film producer's methodof ensuring “ easy loo and all that was 


taking part in it. 
These points are illustrated in Fig. 1 and Fig. 1a. 

A screen of six by eight inches can provide “ easy looking ” for 
as many people as would normally be present in a normal household 
{o see what was coming over in the way of television. Going back 
again to the cinema we can now appreciate the reason why those 
gigantic close-ups do not strike a note of incongruity so long as 
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the film drama has been scientifically produced. The heroine has, 
perhaps, received a shock or is undergoing the strain of some other 
emotional experience, a close-up of her face is obviously called for 
on the grounds of easy looking, so that, without strain, the 
audience can, as it were, peer right into her countenance in order to 
witness its changes of expression, to see the lips quivering, the tears 
starting to the eyes or the smile breaking (Fig. 2.). 

On the legitimate stage there is no such completely satisfactory 
expedient, and so in that medium she has to make sure she is near 
the footlights and tilts her head to the added illumination of a 
carefully focused spotlight! Even with all that it is dubious as to 
whether a galleryite would obtain as easy looking as can be obtained 
with the small television screen. It is very difficult to define hard 
and fast limits, but we would hazard the opinion that at a distance 
of ten feet, and most of us cannot get much farther away than 
that from anything in the room in which we listen and look-in at 
home, there is no advantage in having a screen larger than, say, 
four feet square and that a screen appreciably bigger might in fact 
militate against easy looking. With smaller screens you can go 
closer, but, on the other hand anything smaller than the six by 
eight inches may certainly cramp the illusion, for the detail of the 
pictures will crowd together and lose apparent clarity and you will 
become conscious that it is a small reproduction. 

Shifting Your Mental Viewpoint. There is still the fact of 
smallness as such being able to create illusion to be explained 
This won't 
take long. 
The sizes of ~ 
things are Hp ~ 
comparative, 
When you 
look over- 
head at an 
aeroplane 
flying in a 
clear and 


“BRINGING IT NEARER” 





live y a : 
+o +8 


cloudlesssky, 
you don’t 
conclude 


Fig. 3—The phrase ‘' bringing it nearer,’’ as applied to use of field- 


glasses is a practical example of adapting view points. The higher 

the magnification of the ‘‘ glasses '' the nearer you seem to be to a 

given distant view because of the increase in the size of the picture 
as you see if 


that it is a 

toy aeroplane, although its apparent size is only a matter of inches. 

You know it is an object of some number of yards in length and 

ag made to look small because it is a considerable distance away 
ig. 3). 
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Therefore, your tiny pictures of artistes on the iaevitioan screen. 
appear to yon as real enough because mentally and subconscicraly, 
you have removed your viewpoint to some distance away from them! 
and you will find it helpful in maintaining the illusion if you look 
at the television pictures in a darkened room so that the familiar 
articles surrounding the receiver cannot be seen, and, therefore, do 
' not provide dimension comparisions and locate the screen. 

Perfect Home Entertainment. No, you do not need to stretch 
your imagination in order to derive entertamment from the modern: 
television. Our case for it may or may not sound convincing to 
those who have not yet enjoyed an hour or two of looking. Those 
who have done so will agree that one of the better Silly Symphonies 
or a good straightforward talkie or an entertaining variety act is 
every bit as absorbing on the television screen as it is In a music 
hali or movie theatre. Perhaps rather more so, because there are 
quieter conditions. No deafening roars of laughter drowning 

of the dialogue, no coughing from all angles, no kicking at 
the back of the seat, but plenty of room to stretch your legs from a 
comfortable chair and a position relative to the screen which can be 
chosen to a nicety. In short, television im the home is the ideal and 
perfect medium of entertainment, and it remains m the hands of 
the B.B.C. to see that the substance is worthy of the medium ! 

Its limitations are much fewer than probably most people 
realise. Anything that you see on the screen at your local cinema 
can be reproduced on the television screen from the same kind of 
talking film, although with perhaps not quite the same amount of 
detail in the extended shots. Pretty nearly though, and it is not 
impossible for the present systems to be given the little extra 
refinements needed for cinema standard of definition to be achieved, 
although many wold consider that the steps necessary would not 
be worth while in of the present television standards. 

Paving the Way Modern Standards. The television that 
was broadcast for sevéral years before the arrival of the new high 
definition type was pretty poor stuff from the entertainment point 
of view, and no one should attempt to base a judgment on television 
in general from any experience of those transmissions ist particular. 
The only thing which can be said for them is that they paved the 
way for the new television in certain respects. In doing that, 
however, they served a valuable purpose. 

The apparently sudden change came about because of the action 
taken by the Postmaster-General in 1934. Ht was as though he 
suddenly said to himselt : “What is alt this talk about a better, 
Clearer television? Is it a fact that vastly superior results can be 

obtained than is given by the present experimental iene cats ? Is 
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it possible that by taking certain drastic steps a service of high-class 
television might be possible? I must gather some experts together 
to inquire into this.” 

Anyway, the Government appointed a representative committee 
to investigate the television situation for him. 


Chapter 2 
TELEVISION ARRIVES 


A PREDICTION THAT HAS COME TRUE-—-THE EARLY EX- 
PERIMENTS OF JENKINS AND BAIRD—AN OFFICIAL COM- 
MITTEE IS APPOINTED-—-IMMEDIATE TELEVISION SERVICE 
RECOMMENDED—THE ADVISORY COMMITTEE-—COVERING 
THE COUNTRY-—PATENT PROBLEMS-——SPONSORED PRO- 
GRAMMES—‘ SELLING TIME” IN AMERICA—-TELEVISION 
AND THE FILM INDUSTRY—VISION EXTENDED BEYOND ALL 
HORIZONS. 


A mere twelve years ago television was a fantasy of the distant 
future to all except a very few indecd. Among these few was 
the editor of ‘‘ Popular Wireless ”’ who, in the very first issue of that 
journal (dated June 3rd, 1922), wrote, ‘‘ The radio telephone has 
brought speech and music to our homes on the back of wireless 
waves. That alone is something to marvel at—the fact that we can 
hear a man singing to a piano accompaniment fifty or a hundred 
miles away. 

“ But what will the general public think when they instal 
apparatus which will enable them to sce as well as hear by wireless ? 
To the novice in wireless work this suggestion must savour very 
much of black magic or the ravings of a second Munchausen and 
De Rougemont rolled into one. Jules Verne himself would have 
paused before suggesting such a possibility. 

‘* Photographs have already been successfully transmitted by 
wireless, but the fascinating problem of transmitting living pictures 
by wireless is still in its undeveloped stages. Yet it is a possibility 
—a distinct possibility, amazing as it may seem. Inventors have 
already made crude attempts at the accomplishment of this great 
feat, and there is little doubt that ,a radio telephone vision will 
be an actual fact before very many years have passed us by.” 

And an extremely sound prediction as has now been proved. 
The more remarkable because television was so undeveloped in 
actual fact as to be to all intents and purposes practically non- 
existent. It had not gone beyond the laboratory stage of crude 
experiment in first principles. 
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The Early Experiments of Jenkins and Baird. A whole 
year passed before Jenkins in America demonstrated the television 
transmission of simple silhouettes. About six months after that 
Baird accomplished the television of a human face and, without 
det: acting in any way from the importance of the step, it must 
‘be noted that the results were extremely crude. One saw a 
flickering pattern of dim light and shade which certainly held 
something of the shape of a human head, although the features were 
ittle but restlessly shimmering shadows. The illumination was 
about that of the dial of a luminous watch ! 

Subsequent to three further years of development, the Baird 
system was sufficiently advanced for the B.B.C. to extend facilities 
for experimental transmissions from a broadcasting station. 
Progress continued more rapidly after that—for a time. And then 

there was a slowing down in so far as the broadcast television was 
concerned, because it gradually became just as good as it could be, 
although its most enthusiastic supporters could not claim that its 
best results constituted anything much more than rather feeble 
entertainment value for the general public. Many considered 
that the time had come for the experimental transmissions to be 
discontinued, as they had served their purpose in giving television a 
trial, and that experience showed that it was not good enough to 
provide a proper broadcast service. 

But there were many others to point out that these particular 
television broadcasts did’ not reveal the full possibilities. Not 
through any fault of the particular system used, but because the 
radio wavelengths employed formed a hard and fast barrier that 
impeded any further improvements. It was also said that given 
certain facilities very considerably superior pictures could be trans- 
mitted and received. That, in fact, real television was there to be 
enjoyed if only it were given a chance. 

An Official Committee is Appointed. In May of 1934 the 
Government appointed an investigatory committee having the 
following terms of reference: 

‘To consider the development of Tdevicon and to advise the 
Postmaster-General on the relative merits of the several systems 
and on the conditions under which any public service of Television 
should be provid 

The chairman was Lord Selsdon, a former Postmaster-General ; 
Sir John Cadman was the Vice-Chairman and, in view of his vast 
oil and other interests, was fully qualified to assess the commercial 
aspects of the new science. Col. A. S. Angwin, Assistant Engineer- 
in-Chief and Mr. F. W. Phillips, Assistant Secretary G.P.O., 
represented the Post Office on the Committee, and Vice-Admiral 
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Sir Charles Carpendale, Controller, and Mr. Noel Ashbridge, Chief 
Engineer B.B.C., constituted a powerful broadcasting contingent. 
There was also Mr. O. F. Brown of the Department of Scientific 
and Industrial Research. 

A very well-balanced committee, neither so large as to be 
unwieldy, nor so small as to render it at all likely that if there werc 
shortcomings or prejudices on the part of any one member he could 
sway the findings. We should hastily add that we have personally 
met most of these gentlemen and can state that a more clear- 
thinking, unbiased and fair-minded body of individuals would be 
extremely hard to find. 

The committee worked on their task for seven months. They 
examined all the television systems belonging to concerns who were 
prepared to give demonstrations, and caine to the conclusion that 
the most distinctive of those developed in this country were the 
Baird, Cossor, Marconi-E.M.I. and Scophony. 

Delegations of members of the committce visited both Germany 
and the United States in order to investigate the television situation 
in those countries. 

Immediate Television Service Recommended. The 
ultimate publication of their report came as something of a bomb- 
shell. It had been thought that the most that would be 
recommended was a careful extension of the existing experimental! 
broadcasts but on lower wavelengths. Instead of that, however, 
the immediate organisation of a televiston service was suggested, 
and the committee went so far as to say that they considered it 
probable that the satisfactory reproduction of even outdoor scenes, 
such as lawn tennis matches, the finishes of horse races and 
processions, could be obtained. 

In regard to the experimental transmissions the report stated : 

“In the case of these transmissions the size of the elements 
(elementary areas) composing the picture is such as to admit of 
transmission being effected in a serics of thirty lines per picture and 
each picture is repeated 12} times per second (see paragraphs 12-15). 

“ Any pictures built up with a structure of the order of thirty 
lines are, however, comparatively coarse in texture. Little detail 
can be given, and gencrally speaking the pictures are only fitted 
for the presentation of ‘ close-ups ’—e.g., the head and shoulders 
of a speaker—and the quality of reproduction leaves much to be 
desired. Moreover, any frequency of the order of 12} pictures 
per second gives rise to a large amount of ‘ flicker.’ 

‘“ Whilst low definition Television has been the path along 
which the infant steps of the art have naturally tended and, while 
this form of Television doubtless still affords scientific interest to 
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wireless experimenters, and may even possess some entertainment 
value for a limited number of others, we are satisfied that a service 
of this type would fail to secure the sustained interest of the public 
generally. We do not, therefore, favour the adoption of any low 
definition system of Television for a regular public service.” * 

As is clearly explained in a later chapter in this book which deals 
with television wavelengths, these transmissions were arbitrarily 
limited to a low definition because of the wavelengths allotted to 
them. The definition of a television transmission decides the 
amount of room it occupies in the ether. No greater definition is 
possible on the ordinary wavelengths used for broadcasting or the 
transmission will tend to interfere with other stations. 

The committee were of the opinion that a degree of definition 
equal to at least 240 lines per picture should be aimed at and that 
there should be a minimum picture frequency of 25 per second in 
order to minimise flicker. But to obtain this high result it was 
necessary to go down to ultra-short wavelengths, and these have a 
limited range of transmission. They cannot provide the hundreds of 
miles of range that is possible on the medium and long wavelengths. 

But it was considered that a standard had been reached in 
practical televising on the very low wavelengths that justified 
the first steps being taken to establish a public television service 
of the high definition type in this country, though it was added 
that the low definition transmissions might be continued for a 
time as well, for the benefit of experimenters. 

The Advisory Committee. In regard to the steps to be taken 
to establish the service the report said: 

‘ Whilst we think that the British Broadcasting Corporation 
should exercise control of the actual operation of the television 
service to the same extent and subject to the same broad principles 
as in the case of sound broadcasting, we recommend that the initia- 
tion and early development of this service should be planned and 
guided by an Advisory Committee appointed by the Postmaster- 
General, on which the Post Office, the Department of Scientific and 
Industrial Research and the British Broadcasting Corporation 
should-be represented, together with such other members as may be 
considered desirable, We recommend that this Committee should 
be appointed forthwith, for a period of, say, five years. 

‘“ The Committee should advise on the following : 

‘“ (a) The performance specification for the two sets of appa- 
ratus mentioned in paragraph §6, including acceptance tests, 
and the selection of the location of the first transmitting station. 





* The extracts from the Report of the Television Committee, which appear in this Look 
are published with the permission of the Controller of H.M. Stationery € t 
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“ (b) The number of stations to be built subsequently and the 
choice of districts in which they should be located (see para- 
graph 57.) 

“ (c) The minimum number of programme hours to be trans- 
mitted from each station. 

“ (d) The establishment of the essential technical data govern- 
ing all television transmissions, such as the number of lines per 
picture, the number of pictures transmitted per second, and the 
nature of the synchronising signals. 

“ (e) The potentialities of new systems. 

“ (f) Proposals by the British Broadcasting Corporation with 
regard to the exact site of each station, and the general lines on 
which the stations should be designed. 

“ (g) All patent difficulties of a serious nature arising from the 
operation of the service in relation to both transmission and 
reception. . 

“ (h) Any problem in connection with the television service 
which may from time to time be referred to it by His Majesty’s 
Government or the British Broadcasting Corporation. 

Here is an extract from paragraph 56: 

‘There are two systems of high definition Television—owned 
by Baird Television Limited and Marconi-E.M.I. Television Com- 
pany Limited respectively—which are in a relatively advanced 
stage of development, and have indeed been operated experimentally 
over wircless channels for some time past with satisfactory results. 
We recommend that the Baird Company be given an opportunity 
to supply the necessary apparatus for the operation of its system 
at the London station, and that the Marconi-E.M.I. Company be 
given a similar opportunity in respect of apparatus for the operation 
of its system also at that station.” 

It goes on to define certain conditions such as that the companies 
should agree to allow the introduction into their apparatus of other 
devices than those covered by their own patents if this should be. 
recommended by the Advisory Committee, and that transmissions 
from both sets of apparatus should be receivable on the same type 
of set without much being needed in the way of adjustment or 
alteration. 

In regard to programmes the following recommendations were 
made : 

“It is scarcely within our province to make detailed recom- 
mendations on the subject of television programmes, ‘To what 
extent those programmes should consist of direct transmissions of 
studio or outdoor scenes, or televised reproductions of films, must be 
determined largely by experience, technical progress and public 
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support, as well as by financial considerations. No doubt the 
televising of sporting and other public events will have a wide appeal, 
and will add considerably to the attractiveness of the service. We 
regard such transmissions as a desirable part of a public television 
service, and it is essential that the British Broadcasting Corporation 
should have complete freedom for the televising of such scenes with 
appropriate sound accompaniment, at any time of the day. 

“ With regard to the duration of television programmes, we 
do not consider that it will be necessary at the outset to provide 
programmes for many hours a day. An hour’s transmission in the 
morning or afternoon which will give facilities for trade demonstra- 
tions and, say, two hours in the evening, will probably suffice. As 
regards the future, the British Broadcasting Corporation and the 
Advisory Committee will doubtless be guided by experience and by 
financial considerations.” 

A commencement was to be made with the one London station, 
and a network of stations built up to cover the country subsequent 
to the experience gained with the first station. The cost of the 
London station up to the end of 1936 was estimated at £180,000. 
The pros and cons of the various ways in which this money could 
be found were argued at length, but ultimately it was suggested 
that it should come out of the existing 10s. radio licence revenue, 
though the way was left open for a future reconsideration of this 
particular question. 

The Postmaster-General at once acted, the Advisory Committee 
was formed and work began on the practical organisation of the 
television service. 

Covering the Country. It was a tery formidable task and is 
not yet completed. As a matter of fact it has to be admitted that 
it may not reach conclusion for many years. It has been calculated 
that ten television stations will be able to serve fifty per cent of the 
population. Those ten stations may all be working within this 
present decade. But unless some new technique of transmission 
is developed, it is doubtful whether the remaining fifty per cent 
of the population will be served with television for some long time. 
For the complete coverage of the country probably fifty or more 
stations would be needed, and although the number may not prove 
prohibitive as the service expands, it would be foolish optimism to 
regard it as a possibility of the immediate future for financial if 
for no other reasons. 

Ultra-short wave television stations cannot be linked up as easily 
as ordinary broadcasting transmitters. That is another problem 
that confronts the engineers of the B.B.C. and the Post Office. 
Just as the medium and long-wave bands in the ether are unable to 
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accommodate high-definition television, so it is impossible to convey 
the electrical impulses of television along ordinary telephone 
cables. They can handle frequencies only up to ten thousand 
cycles or so to give a generous estimate, but the high-definition 
television employs frequencies of the order of a million or more. 

Recently, special cables able to carry such frequencies have been 
developed. But they are comparatively costly. Alternatively, 
it has been suggested that it may prove practical to link television 
studios and transmitters by means of short-wave radio. 

The establishment of any one television station, let alone that of 
a whole chain, is not without its special problems. The ultra-short 
waves do not ‘“‘ soak” an area as easily as the longer ones. Hills 
and high buildings tend to cast shadows. Therefore, it is desirable 
to situate the transmitter on as high a vantage point as possible, 
and to employ a high aerial. 

Patent Problems. In addition to engineering problems there 
have been the problems of patents for the Advisory Committce to 
deal with. In this connection the Radio Manufacturers Association 
has been hard at work assisting to handle what 1s undoubtedly 
a matter fraught with difficulties. Certain firms have spent large 
sums in the development of television systems and they justifiably 
look forward to the reception of royalties or profits from the sale of 
receiving apparatus to the public as a return on their outlays. 

But there is the radio industry as a whole to consider, for mono- 
polistic ‘‘ corners ’’ must be avoided, and it is only fair to add that 
this has been realised by all parties. The trouble mainly is that 
there is an enormous number of television patents, and opinions 
vary very much as to their relative values. 

The whole business was made the more complicated by the fact 
that the type of reception apparatus is often largely tied up with 
the principles adopted in the transmission. This situation was never 
encountered in ordinary broadcasting. Whatever the transmitter, 
any one of a hundred different varieties of receiving sets could be 
used with success. In television, it would be possible to render all 
the receiving sets useless by changing the transmission over to a 
different system. Such a situation will however, never arise with- 
out long notice being given by the B.B.C. This is what the Report 
had to say on that point: 

“A more difficult situation would arise if a completely new 
system, requiring an entirely new type of receiving set, should be 
evolved and should prove on trial to be definitely superior to the 
systems already in use. In such a case it might be necessary to 
adopt the improved system, in the first instance, at new stations 
only, and to postpone for a time its adoption at the older stations. 
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For it is obvious that many persons would be deterred from pur- 
chasing television sets unless they had some assurance that these 
sets would not be rendered useless at an early date by a complete 
change in the transmitting system. No radical changes should, 
therefore, be made in the systems serving particular areas without 
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reasonable notice being given by the British Broadcasting Corpora- 
tion of the contemplated change. In the initial stages this notice 
should not be less than, say, two years. The Corporation would 
naturally consult the Advisory Committee on this point. While 
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giving some reasonable measure of security in this direction, the aim 
should be to take advantage as far as possible, of all improvements 
in the art of television, and at the same time to work towards the 
ultimate attainment of a national standardised system of trans- 
mission.” 7 
Sponsored Programmes. The cost of the service, to begin 
with anyway, will come out of the Broadcasting licence revenue as 
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The H.M.V. 5-channel receiver. The special purpose of the system was to 

enable films to be televised from one place to another and reproduced on a large 

screen. The picture was broken up into five sections by the transmitter, and each 

section was transmitted along a separate land Jine. The sections became blended into 

one complete picture at the receiver. The scanning was by means of a lens at the 
transmitter, a misror drum being used for reception 


we have already said. But at any time the B.B.C. has the power 
to accept sponsored programmes from advertisers. That is to 
say, a firm provides the programme and this is broadcast with 
discreet announcements that act as an advertisement for the firm. 

Probably the announcement would never be any more flowery 
than something like this: ‘‘ You will now hear and see a half-hour 


variety programme arranged by Messrs. XYZ, manufacturers of 
motor-cars.”’ 
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For this the B.B.C. would receive no money, but they would be 
spared the expense of filling in the particular period covered. The 
B.B.C. has only very rarely used its powers in this direction, indeed 
oi late years it has entirely avoided doing so. It remains to be 
seen whether the demands of television will cause it to broaden its 

licy. 
ae ; ng Time ’’ in America. In America, where there are 
no broadcasting licence fees and the broadcasting services are 
maintained solely on the revenues from advertisers, the develop- 
ment of television has been sadly hampered. “Selling time” 
has been a sound business proposition for ordinary broadcasting, 
but the same prospects are not to be seen in television. It has been 
calculated that to form a representative chain of high definition 
television stations in America, some eighty transmitters costing 
about eight million pounds would be required. And, so far, there 
has been no private capital available for the purpose, presumably 
because of the uncertainty of obtaining adequate returns. It 
would not be within the province of the government to make a 
move in view of the broadcasting constitution of that country. 

As much or more money has been spent on television research 
and experiment in America as in this country, but we have the lead 
because of the national system of our broadcasting. It is also owing 
to the fact that broadcasting is on a national basis in Germany, 
that television has advanced in a practical direction there, too ; 
in fact, the Berlin high definition television transmitting station 
has been in service already for some considerable period. 

But only in a rather experimental manner, and we think it can be 
safely said that our own television is the world’s first attempt to 
place the new science on a firm basis of public entertainment. 
Therefore, we must all hope that the B.B.C. will continue to do its 
utmost to expand the scope of the programmes the while the 
technical side continues to grow. 

Television and the Film Industry. It is not at all easy to 
fill in the television hours with first-rate material. Television 
programmes are more than twice as difficult to present as sound 
only programmes. Further, the same items cannot be repeated 
every evening of a week as they are in theatres and cinemas. 

_ Yet, obviously, a television play equal to a first-grade talkie 
in its entertainment value would cost as much to produce, and for 
one or two broadcast ‘“‘ showings” that cost would be impossibly 
high. But there are thousands of films in existence which could not 
be shown again in cinemas which would provide grand material for 
broadcasting. However, although the cinema industry may not 
object to the use of these while television is receivable only by a 
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relatively small percentage of the population, some opposition 
may reasonably be anticipated when television comes within the 
reach of all. 

It has been suggested that only obsolescent minor feature films 
-and short excerpts from current major productions, together with 
short educational and comedy films should be televised, and that 
while these would provide the television service with considerable 
programme material, the cinemas, with their current major releases, 
would be benefited rather than injured by their transmission. 

Against this there are many who suggest that the television service 
ought to be provided with the best of everything, and the cry that 
‘Vested interests must not be allowed to prevent progress ”’ is 
already being heard. If the cinema industry can be defined as a 
‘vested interest,” it should in all fairness be pointed out that it 
has spent tens of millions of pounds every year for a quarter of a 
century or more to build up what deserves to be styled an inter- 
national amenity, and has created remunerative work for hundreds 
of thousands of people in the process. Television will have to be 
able to make similar claims before it has the right to be held as an 
equal rival. 

Surely a happy compromise is possible whereby television and the 
film industry can work together to the full advantage of both ? 
It has been found possible for this to be done in the case of radio 
and the gramophone, and in other imstances, too, where antagonism 
at first existed. 

Vision Extended Beyond All Horizons. To be able to sit in 
the guiet and comfort of one’s own home and see and heara full 
length talkie is an alluring prospect, but there is much more that 
television is able to bring you. Much fun has been poked at the 
‘infliction ” of the features as well as the voices of broadcasters on 
the public. Well, all human faces may not conform to recognised 
standards of beauty, but to the intelligent man or woman every 
one can be interesting. And as we believe that the intelligent 
ones are in the majority, and as we do not share with certain others 
the view that the average person, the man in the strect, is little 
more than a “ nitwit,’’ it is our opinion that the seeing as well as 
hearing of a proportion of broadcast artistes and talkers alone 
constitutes good programme material. 

_ There are also the many sporting events which can and will be 
televised, and we can think of no better illustration of the value of 
television than that of the broadcasting of civic events. The sounds 
and speeches emanating from the opening of this or that by a big 
personage, or the launching of a ship, are fairly frequent broadcast 
items. Well, some of us may tend to yawn at times when we find 
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ourselves listening to such things, but the addition of sight would 
give us something to look at during the more tedious moments ! 

But the case for television is so obvious that we need not pursue 
the thente. If anyone in your presence tends to belittle it, ask him 
if he has ever really considered the blessings of sight, if he keeps his 
eyes shut at the cinema, if a blind listener isn’t to be pitied? The use 
of that word “ blind” will emphasise the wonder of television, 
for those who have eyes shall in truth see, and if they have imagina- 
tion they cannot fail to marvel at the wonders of this modern 
miracle and appreciate the privilege of having their vision extended 
beyond all horizons. 


Chapter 3 


GENERAL CONSIDERATIONS 


A SPECIAL SUMMARY OF THE PROBLEMS OF RADIO VISION 

BY SIR OLIVER LODGE, F.R.S.—HEARING AND SIGHT-—— 

BIRTH OF THE CINEMA-—ACTION OF THE EYE--—-TELE- 
PHOTOGRAPH Y—HARNESSING THE ELECTRON. 





The transmission of pictures must be always much more difficult 
than the transmission of music or speech ; for sound is essentially 
a sequence, the ear appreciates only one note at a time; whereas 
vision appreciates an Immense number of impressions at the same 
time. Hearing is only a sequence, while vision is a simultaneity 
as well as a sequence. 

Hearing and Sight. It may and will be said that surely an 
ear appreciates a harmony of simultaneous sounds. So it dues, 
but it does it by analysing one note—if we correctly use the word 
“note ”’ to signify a definite mode of vibration however complex, 
whereas the word “ tone” signifies a simple vibration of definite 
pitch. A note may be composed of any number of tones, and 
the inner ear has a construction which enables it to analyse a 
note into its constituent tones. 

But it does not receive those tones separately ; it receives only 
a single complex vibration, which could be transmitted to it 
through a single rod, or through the contact of a single point on 
a diaphragm ; as indeed we are familiar with in the gramophone, 
where the tones of a whole orchestra are transmitted as a single 
complex vibration through a needle point. The ear it is which 
sorts out that complex vibration and analyses it into the harmony 
of simultaneous tones. 

There is thus no difficulty encountered or any problem to be 
overcome in the transmission of simultaneous impulses; they 
all travel together as a single group; and in that form they enter 
the mechanism of the outer ear; they are not analysed until they 
get inside. 
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With the eye it is different. Every point or small element of 
the retina is a separate receiving station, and they are all at work 
simultaneously } so that every patch of luminosity on an outside 
object produces its own impression independently of the rest ; 
and thus a picture or a landscape can be appreciated as a 
simultaneity. 

Birth of the Cinema. If an object looked at moves, it can 
also be appreciated as a sequence, because when the stimulus 
ceases at any one place the nerves almost instantaneously, though 
not quite, cease to respond; so that if the illuminated patches 
are moving about outside, the corresponding images will be moving 
inside the eye, and different receiving stations will receive them 
one after the other. . 

That is not so with a photographic plate. There the impression 
one produces is persistent; and if the outer objects move, the 
result is mere confusidn. 

Consequently, though it is easy to project a moving scene or 
landscape upon a screen, as in the camera-obscura, just as it is 
done in the eye, it was not easy to photograph a moving scene 
so as to project it upon a screen; and about thirty years ago it 
could not be done. Strictly speaking, it is not done now. What 
is projected is a series or sequence of pictures, not quite alike, 
but following each other so closely that the illusion of continuous 
movement is produced from the series of jerks or intermittent 
iluminations which are really supplied. Each impression on the 
eye lasts long enough to merge into the one that followsit, without 
any necessary flicker or variation in the intensity of average 
illumination. 

The problem before television is how to transmit such a moving 
scene or picture to a distance. And, considering that the projection 
of moving pictures themselves is a recent invention, it is not 
surprising that the reproduction of them at a distance is a difficult 
problem. 

Action of the Eye. The outer part of the eye, the lens and 
chamber with the various adjustments, are very like a photo- 
graphic camera; but the retina differs in innumerable ways from 
a photographic plate, for not only can it appreciate moving objects 
by reason of the small persistence of vision, but each point of 
the retina is a receiving station, capable of attunement to three 
‘different wavelengths simultaneously—the red, the green, and 
the violet—and can thus appreciate a compound impression. 

Unlike the ear, however, it does not analyse this impression 
Ito its constituents ; it merges them into one, which may be quite 
| different from either separately. It is quite capable of appreciating 


32 BOOK OF PRACTICAL TELEVISION 


a single wavelength, like our ordinary wireless stations, if a pure 
or simple red or green or violet is incident upon it. But if it 
receives more than one it fuses them into another sensation 
altogether, so that if it receives red and green simultaneously it 
gives a sensation called yellow. While if it receives all three 
impressions simultaneously it gives us what we call white. 

Telephotography. By artifice even these devices can be 
imitated artificially, as we know in colour photography and the 
three-colour process. But the eye does everything so simply 
and easily that we fail to realise the wonder of it, until by long- 
continued experiment we find how difficult it is to transmit a clear 
impression of moving objects, even though we have eyes at the 
distant end to do most of the work and to give our crude experi- 
ments every chance. 

The easiest thing to transmit telegraphically is a static picture 
or engraving, which may be built up by a number of dots, and 
these dots might be transmitted simultaneously and reproduced 
as a mosaic at the distant end by the use of a multiple cable with 
as many wires as there are dots. I do not say it 1s easy to do 
that, for [I made attempts in this direction about fifty years ago 
with the use of selenium, and found it very difficult. Still, a 
more pertinacious experimenter might have succeeded. Trans- 
mission of a mosaic by multiple wires is imaginable. 

But how are we to do it by a single wire, or, what comes to 
much the same thing, without a wire at all through the unlimited 
ether? We cannot hope to transmit the dots simultaneously ; 
we must transmit them as a sequence. 

We can imagine a point travelling over the picture, taking one 
element at a time, and reproducing a patch of corresponding 
luminosity at the distant end. The moving point need not travel 
quickly ; the thing to be transmitted is steady and constant, and 
gradually a corresponding reproduction at the distant end can be 
built up. The process requires ingenuity and invention, but, as 
everyone knows, it has been done, both with a communicating 
wire and without, so that excellent portraits have been received 
at a distance. Well, that is one step towards television, though 
only a very early step. 

Harnessing the Electron. Now let us consider how to 
transmit a moving picture, either an actual person or an image of 
such person, or a landscape projected on a screen. We have now 
not merely a simultaneity to be transmitted as a sequence; we 
have both a simultaneity and a sequence to be transmitted together ; 
and, as that seems impossible, we must contrive to move our points 
so rapidly over the picture that the image of each point at the 
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distant end will not have faded from the retina before all the 
others have been projected on it likewise. The time of persistence 
of vision depends partly on brightness, but it is comparable with 
from one-twelfth to one-sixteenth of a second. 

Hence if in, say, one-twelfth of a second the tracing point can 
move all over the picture without missing any salient detail, then 
the images at the distant end successively produced may be 
perceived by an eye as if they were all simultaneous. In other 
words, an illusion of simultaneity may be produced. 

It appears impossible to move a material object at the necessary 
yate. But the stream of electrons available in the cathode-zays 
are sufficiently docile to enable a process as rapid as that indicated 
to be achieved. We have the free electron in enormous numbers 
at our disposal, as is emphasised in the Tenth Faraday Lecture 
given by Mr. C. C. Paterson and published in the Proceedings of 
the Wireless Section of the Institution of Electrical Engineers for 
March, 1935. Wonderful things in the way of illumination can 
already be carried out by this process, and it only needs a little 
more invention to make television by this means practicable. 


Chapter 4 


BROADCAST TELEVISION 


THREE YEARS’ PRODUCTION—THE NEW ART FORM~—-' CLOSE- 
UPS AND LONG-SHOTS —-MAKE-UP TROUBLES——SPECIAL 
COSTUMES — EARLY PROGRAMMES — ESSENTIALLY VISUAL 
ACTS —- THE CAPTION MACHINE — SCENERY — STUDIO 
““ ZONES "'—-PROJECTION FINESSE—-CONSIDERABLE  RE- 
HEARSING NEEDED-——ACTUALITY TELEVISION-——ADAPTING 
THEIR ART—-STRIKING POSSIBILITIES—-CULTURAL VALUE-~— 
WHAT ABOUT NEWS ?——INFINITE SCOPE FOR IMAGINATIVE 
PRODUCTION. 


In this country broadcast television—d@ la B.B.C.—dates from 
the memorable night of August 22nd, 1932, when the first public 
television programme was radiated from Broadcasting House, 
London. 

The sound part was sent out from Midland Regional, the 
accompanying vision from London National. The programme 
lasted from 11 to 11.30 p.m. J. L. Baird was seen and heard— 
as was fitting for the British pioneer of television—introducing 
the B.B.C.’s first sound and vision entertainment. 

Looking back, that programme scems somewhat limited. But 
then so was the money allotted to television development. ‘4o, 
too, was knowledge of the needs of this new art form. Indeed, 
it was the B.B.C.’s realisation that it might equip itself with 
artistic experience that made the start possible—at a time when 
the entertainment value of the low definition pictures was 
admittedly poor. 

The New Art Form. A television director was appointed to 
explore the new art form, to prepare the way for the inevitable 
time when television would materialise from the laboratory stage 
to millions of homes throughout the land. 

Eustace Robb was the man—and he saw his moment. As 
television producer of nearly three years’ experience, he can claim 
to have rather more than an inkling of the infinitely varied pos- 
sibilities of this art of seeing and hearing by wireless. From that 
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very first programme in that very cramped little studio, BB, down 
in the basement of Broadcasting House, we have watched with 
intense interest the gradual unfolding of a vastly varied number 
of applications of the television art. 

To Mr. Robb we are indebted for an ever ready courtesy in explain- 
ing his aims and methods of achieving them. Without his unfailing 
patience we should never have been able to blunder about in the 
darkened atmosphere, first of studio BB at Broadcasting House, 
and latterly in the new television studio at No. 16, Portland Place. 

Honours done, let us try to give you some idea of the story 
of the art—as distinct from the science—of television as it has been 
studied and developed by the broadcasters. Let us take you from 
that first programme, wherein Betty Bolton, Fred Douglas and Louic 
Freear earned a unique niche in television history, right up to the 
exciting possibilities of the B.B.C.’s latest high definition transmitter. 

Close-Ups and Long-Shots. Can you imagine yourself 
trying to put over the first television programme? The 
difficulties were enormous. For one thing, the cramped studio— 
intended originally for the dance band—was practically in darkness, 
save for the eerie flicker of the scanning light. Only a limited 
movement of the artistes was possible, owing to inherent troubles 
in merging “close-ups ’’ with ‘ long-shots.”’ Picture definition 
was so poor that the producer had to distort normal acts m order 
to bring in a preponderance of “ close-ups,’’ which obviously had 
more entertainment value than the indistinct “‘ long-shots.”’ 

Nothing at all was known about the special needs of make-up. 
The electric eyes of television—the photocells—were known to 
discriminate against certain colours, but only experience could 
show how to counteract this effect. 

Make-up Troubles. The inherent crudity of the picture 
made it necessary to elaborate and intensify normal make-up 
in a way that a first sight of the television artiste could be quite 
terrifying, not to say revolting. Under the robot electric eye 
it was found that the red and infra-red end of the spectrum 
produced the greatest effect, with the distressing result that reds 
tended to come ont white. This led to some startlin, effects, 
the early pictures giving the ghastly appearance of de-composition. 

Very soon the eye grows used to watching artistes with dark 
blue lips, with dead white under the eyes where deep shadows 
normally appear, and with perhaps a blue or purple shaded nose. 
These devices form the basis of the present television make-up, 
but with the higher definition television technique and better 
lighting there is no doubt that make-up will be modified, until it 
is no more bizarre than on, say, the film set. 
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Special Costumes. Costumes had to be treated for the same 
reason as faces—to counteract the peculiar way electric eyes look 
at things. Large areas of black had te be broken up with slashes 
of white. As the background was white, large areas of white in 
the costumes had to be edged or trimmed with some darker 
material—otherwise with such a crude picture the contrast would 
not have been great enough for lookers to pick out the outline. 

These were some of the very first difficulties that Robb had to 

contend with. As he said: ‘“‘ We must borrow from existing 
art forms and adapt ideas for television. It is no use simply 
copying, though, for we are dealing with an entirely new art 
form.” 
From the very first programme already mentioned, progress 
along real television lines was rapid. The“ news ” value of television 
was strikingly shown when the Atlantic flyers, Amy and Jim 
Mollison, came in front of the scanner for pioneer lookers to see. 

Early Programmes. In that restricted studio came a host of 
acts specially devised for television. Performing seals, ju-jutsu 
exhibitions, dancing acts—and then a television art show, to which 
Lord Lee of Fareham brought costly jade, silver and glass from 
Christies. Another striking programme was a mannequin parade 
-—something so essentially of the stuff of television that it caused 
quite a stir. 

By that time the technical side of television—always the under- 
lying limit to artistic expression, remember—improved more than 
anyone had hoped was possible. The difficulty of merging long- 
shots with close-ups was overcome—and that alone made all 
kinds of new acts possible. The line connecting the Broadcasting 
House studio with the London National transmitter at Brookman’s 
Park was “cleaned up”’ for its television signals, and that again 
improved the clarity of the picture. 

Improvements in the power of the electric eyes to “ see’ made 
better lighting possible, and with that an intriguing vista of shadow 
effects was introduced, such as silhouettes, high lights, floor shadows, 
distortion of scenic shadows and the introduction of the artiste by 
his own shadow, 

Essentially Visual Acts. By 1933 essentially visual acts were 
predominating the scene. Skaters, trick cyclists, dog shows, 
animals from the Zoo, eccentric dancers, ballet dancers—every 
conceivable kind of act appealing to the eye was tried. 

Up to the middle of that year the background scene was somewhat 
limited. This was partly due to the lack of definition, partly to 
the prohibitive cost of a large stock of scenes, and partly to lack of 
facilities for scene shifting. | 


TELEVISION 39 


The Caption Machine. But then came the caption machine, 
as it was called. By means of this ingenious device the scope of 
production was greatly enlarged. A small disc type scanner explores 
an area of 4} in. by 2} in. and in this space all kinds of miniature 
scenes as well as captions and announcements can be contained. 

The resulting picture is then merged with or superimposed on 
the main picture, being produced by the mirror drum scanning the 
studio scene. The looker can detect no difference between the 
large and small areas, 
of course, because he A B.B.C. TELEVISION STUDIO 
is looking at his screen 
at the far distant 
point. 

The greatest single 
step forward so far as 
B.B.C. television pro- 
duction is concerned 
was the move from the 
restricted space of 
studio BB in Broad- 
casting House to more 
spacious quarters at 5; . 4.—The layout of the television studio at 16. 
No. 16 Portland Place Portland Place, adjacent to Broadcasting House 
—a few doors away (7°17 TROt, Gopcar on the art plates im thie book) 
from the main building. 

A plan of the new studio is shown in Fig. 4—and it will perhaps 
be interesting to study this in some detail. The studio space 
itself is rather an odd shape, being wider at the screen end than 
at the projection end. 

There are several interesting points worth noting. They apply 
to present technique, of course, and may have to be seriously 
modified under the new conditions. The control room is seen at 
the left, inter-connecting with the studio by a large glass 
observation panel, through which the scanning projector is fitted. 
The orchestra is curtained off at one side of the studio—so that 
the light from the music sheets shall not be picked up by the all 
seeing “‘ eyes.” 

Scenery. At the end of the studio is a roller blind or screen. 
This is fitted up about one foot in front of the long-shot wall, as 
the end of the studio is referred to. Behind its white protection 
different painted scenes can be erected while the programme is in 
progress, and a studio “ fade ”’ of ten seconds is all that is necessary 
‘to change from one scene to another. Only quite simple scenes 
have heen nrovided sn far—hut br a indicinns nse of the cantion 
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machine, all kinds of apparently “ expensive” effects have been 
obtained. 

Studio “‘Zones.”? During our peeps into the Portland Place 
studio we have noticed that they refer to different “ zones "— 
and the diagram shows exactly what this means. The projecter 
cannot cover close-ups and long-shots at one go, but needs a change 
of lens as the artiste moves from one zone to another. 

Scanning and lighting can be done over the large section of the 
studio marked as Zone B without any change in the projector. 
This allows quite a lot of latitude for dancers and so on, although 
there are other limitations. 

In Zone A, where close-up shots are taken, the projector has to 
be adjusted by the insertion of a suitable short-focus lens, and for 
this reason the producer found it convenient to zone his studio 
accordingly. 

When the artiste changes from a long-shot to a close-up some 
kind of intermediate device has to be thought out to cover the short 
break in the continuity of the programme. An artiste may have 
been dancing, and then want to come closer for a song, for instance. 
All kinds of dodges are devised, such as fans, muffs and veils, 
behind which the artistes temporarily retreat while the projector 
man slips in his lens. 

Projection Finesse. That projector man has much more to 
do than anyone else during the actual show. His job is a sort 
of combination of the work of a movie cameraman and a cinema 
projection engineer. Certainly, during the many shows we have 
watched, he has had his hands more than full. 

It must be understood that the projector in the control room 
is fixed, and cannot be swivelled up and down to follow vertical 
movements. The only thing that can be done is to raise or lower 
the scanning beam by moving a light mask up and down—and this 
is how the subject is normally kept at the centre of the picture. 

The finesse comes in when changing from a Zone B picture or 
long-shot to a Zone A or close-up. The projection man has then ta 
follow all the usual movements of the artiste by altering his focus 
as the televised subject approaches or draws back from the control 
room end of the studio, At the same time he is lowering or raising 
his mask on the projector in order to keep the subject central. 
Then, at a suitable moment, he slips in the lens for the change from 
long to close-shot. 

The strain of this projection work in regular television trans- 
missions of direct subjects—as distinct from the infinitely easier 
process of scanning films—will no doubt prove considerable. 
When one comes to think of it, the job is much more onerous than 
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any similar job in allied arts. After all, if the movie cameraman 
makes a mistake he can always ask for another “ take ’’-—and the 
job of projecting films in a cinema is relatively simple once the- 
process is understood. But with broadcast television there is no 
room for mistakes—and no chance to “ do it again’ if a mistake 
is made. 

Considerable Rehearsing Needed. This question of the 
vulnerability of television to human error is one we do not want 
to over-emphasise just now, although it will no doubt arise from 
time to time. The modern film, with which television has so in- 
evitably always been compared, has the tremendous advantage 
of preliminary “‘ subbing "’ before the public ever sees it. Mistakes 
are made in the process of producing the film, but the public does 
not see them because they are remedied by a re-take or by cutting 
out the affected part. 

As none of this can be done with an instantaneous television 
broadcast, it is obvious that the productions must be highly re- 
hearsed, so that the possibility of human error is reduced to the 
limit. Even with the relatively simple shows of half an hour 
that Robb originally put over an immense amount of time has had 
to be spent in rehearsals—particularly in getting the cues night. 

All of which points to the relatively expensive nature of direct 
television shows, such as have been produced in embryonic form 
in the early years by the B.B.C. Whether this factor will 
swing the broadcasters over to films—when they can get them— 
is perhaps an interesting speculation. 

Actuality Television. We are perfectly certain that most 
lookers will want as much “ actuality” television as possible. 
Tor some considerable time this is bound to be limited, as is the 
very nature of the material broadcast. By that we do not mean 
that the scope of subject will be limited—on the contrary we will 
presently sum up the broad divisions into which televised material 
falls—but rather that special treatment will have to be adopted 

As an example we cannot do better than quote dancing--. 
assuredly one of the most popular items of “ actuality ” television 
as thus far achieved. Mr, Robb found that an almost entirely new 
technique in dancing has had to be insisted upon for television 
purposes, 

Even with high definition television of 240 lines it is still true 
that the close-up is of much greater interest than the long-shot, 
for even if the long-shot has quite good detail its subject is rather 
small on the average television set’s screen. 

Adapting Their Art. Thus the technique tnat has been 
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largely with the higher definition system. This implies that the 
dancer, for instance, must be restrained from keeping for too long a 
period to a consistently long-shot. In other words, the dancer 
has to change the usual side to side technique as evolved for stage 
presentation to a backwards and forwards sequence, not only 
to give the appearance of “‘ depth ” to an otherwise flat background, 
but to give lookers a “ look-in ”’ at the details of a pretty face, 
figure, or costume. 

Many famous dancers have shown their willingness to adapt 
their art to the special needs of television, including some of the 
most famous international members of the Russian Ballet. 

_ Adaptation will have to be the watchword in practically every 
form of television broadcast. 3 

Watching some typical commercial films run through a 240 line 
system is a salutary lesson in the different technique needed for 
broadcast television—not least being the need for a rapid change 
from long-shot to close-up. If the long-shot is maintamed for 
more than a very short time, the eye becomes bored-—partly 
with its inability to see so much detail, but partly with-the general 
flatness of the picture. 

It is a prime asset of the television producer that this point 
should be understood. At Broadcasting House the three years 
of preparation under the Baird experimental low definition system 
have laid*solid foundations upon which the future television pro- 
ducers wil] be able to build, with the added’ advantage of higher 
definition pictures. 

Striking Possibilities. We have been reviewing in memory 
the many-sided interests that Eustace Robb has tried to “ televise ” 
during his adventurous years as television producer for the B.B.C. 
From that review some striking possibilities have come to light. 
Upon these we will now dwell, for they constitute, we imagine, 
something like a forecast of what you will soon be enjoying in your 
television equipped homes. 

Strangely enough, we shall not start with the obvious television 
subject—variety. Simply because it is an obvious subject we can 
safely leave that alone. 

' Cultural Value. Let us start with some of the unique cultural 
aspects of thisnew art. Take, for example, the televising of antique 
works of art. Even with the meagre detail of the 30 line trans- 
missions it has been proved that the showing of such objects can 
sustain interest on the part of the looker. 

The average man in his home is by way of being out of touch 
with museums—or of regarding them with boredom. Even if 
he has some faint stirrings of interest the chances of ever finding 
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an entry into the world of antique art are extremely remote. 
By television a vividly-brought-home picture of some of the world s 
most wonderful works of art is made possible. 

Pictures, glass, silver and furniture are only four of the many 
types of work that can be televised—that have, indeed, been 
televised already, and with complete success. So have antique 
and modern sculptures, not to mention all kinds of clocks. 

Sport opens up vast fields for television. Take, as just one 
exciting example, the televising of physical culture. Imagine the 
finest instructors in the country coming before you to explain how 
to do the daily dozen! 

Boxing matches lend themselves very well to television, as both 
the B.B.C. and the Baird studios have shown. The confines of a 
boxing ring are just right for the television screen—ecvery listener 
getting a highly prized ring-side seat. Wrestling and ju-jutsu 
are allied sports that, by their dynamic nature, are just the nght 
“ stuff’ for television. Again this is not mere conjecture. The 
B.B.C. has proved the possibility by actual experience on the 30-line 
scanner. Among other things it has shown that fencing is also 
practicable. In fact, any sport carried out in a fairly limited space, 
obviously, can be the subject of television from the studio. 

Ballroom dancing, which has so vastly increased in popularity 
in the last few years, 1s another proved subject for television. The 
finest instructors can demonstrate before the scanner exactly how 
you, in your own home, should do the latest steps. One might 
forecast a great rise in the standard of dancing from this cause 
alone. 

From ballroom to ballet dancing is a great step—but it 1s a step 
television can bridge with the most intriguing possibilities. To 
the average man the mere mention of ballet dancing conjures up 
a picture of precious young dandies gazing with rapturous enchant- 
ment at foreign artistes performing exotic gyrations on the stage. 
Yet in truth, ballet dancing is a wonderful medium of artistic 
expression—illustrating how beautiful movement can interpret 
fine music. 

Movement—that is the life blood of television. And ballet 
dancing has already shown itself peculiarly adaptable to television. 
Famous exponents of every form of ballet dancing have come 
before the scanner at Broadcasting House and have, by painstaking 
adaptation of their art, opened up illimitable scope for future 
entertainment. When ballet music and dancing come into the 
home, ordinary people will discover an enchantingly new form of 
artistic enjoyment. 
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will be able to judge the latest fashions—-mannequin parades already 
having been put over with complete success. Dresses and hats, 
straight from Paris, will be critically gazed upon by the women 
of the land—no matter how remote their town or village may be. 

One can draw quite an important inference from this. If women 
are made conscious of the essence of good style through the medium 
of television, they are going to insist upon that standard of style— 
tven though they may have to be content with a cheaper inter- 
pretation of it. 

What About News ? Before we leave the purely cultural 
aspect of television, what about news? This opens up delicate 
problems, admittedly. But even if there are attempts to impede 
television in the way that was done with sound broadcasting, 
the chances of visual “‘rapportage’’ are infinite. When Jim 
and Amy Mollison came before the television scanner on their 
arrival in England after flying the Atlantic, they did more than 
interest a few television pioneers. They came as a portent of the 
kind of excitement that television will bring almost daily to suitably 
equipped lookers. 

Fijm stars landing at Southampton from Hollywood, celebrities 
of all kinds, these give lookers something essentially topical to look 
at. The function of television in news broadcasts cannot be over- 
estimated. The only thing that may prevent it from becoming 
the force it should are the powerful vested interests. 

And so to variety. All the present limitations of broadcast 
humour—limitations acknowledged by the producers, but never 
fully circumvented—disappear when facial expression can be added 
to word of mouth. The intimate type of variety seems to offer the 
greatest scope for the present stage of television development, 
if only because, as so much emphasised already to many, long-shots 
of “ Dancing Daughters ’’ would tend to become tedious in the small 
framework that the average television set offers. 

Radio drama has evolved a technique of its own. Whether 
this will ever be Jost—as the art of the silent film was lost when 
talkies swept the industry like a forest fire—cannot yet be said. 
For many years to come, sound broadcasting must exist side by 
side with the dissemination of sound and vision programmes. 
That reason alone tends to show that the radio drama will not be 
affected, although very possibly less effort will be made to adapt 
purely visual plays for sound broadcasting, 

Infinite Scope for Imaginative Production. In this chapter, 
which is much too short to do justice to the title, we have been 
able only lightly to touch on some of the aspects of television 
we personally have come across in several years of interested and 
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sympathetic study of other people’s efforts. What we have aimed 
to do is to show, first, that television is a new art form, and will 
have to continue to develop on its own unique lines; and secondly 
that, even when it does that, the scope it offers to imaginative 
production is infinite, 

If the cultural possibilities of television are exploited we can 
foresee a widespread raising of aesthetic standards. Even if 
television merely secks to entertain it will be worth while; but 
when at the same time it brings unexplored avenues of human 
interest into the home of the ordinary man its true mission will be 
done. 


A. H. 


Chapter 5 
CHANGING PICTURES INTO RADIO WAVES 


fHE FUNDAMENTAL FACT OF TELEVISION--COMPARISON 
WITH SOUND—LONG-DISTANCE TRANSMISSION—PRODUCING 
ELECTRICAL IMPULSES—PROPERTIES OF EYE AND EAR— 
TWO PROBLEMS—A SIMPLE ‘‘ PICTURE ’’~-HOW THE LIGHT 
IS MADE TO VARY—SCANNING—SYNCHRONISING—-PER- 
SISTENCE OF VISION—DEFINITION--DETAIL——~NUMBER OF 
“ LINES "—'' APPARENT’ DEFINITION—-SCREEN GRAIN. 


‘ 


Television has been defined as “ seeing at a distance.’ You 
may reply that this is what you do anyhow, even if you have never 
heard of television. You always “ see at a distance,’’ because the 
object you sec must always be at a distance from the eye, the 
impression being conveyed to the eye from the object by means of 
light rays. In the same way you may say that you always hear 
at a distance, because the source of sound is never actually in 
contact with the ear drum and the sound must proceed from the 
source to the drum via some medium, usually the air of the 
atmosphere. But television is ‘‘ seeing at a distance ” in a different 
sense. Anyway, let us leave that for the moment. 

It may help us in understanding the relationship between tele- 
vision and ordinary sight if we consider first the relationship 
between sound broadcasting and ordinary hearing—something 
we are more famutar with. 

Comparison With Sound. The distance over which you can 
hear a sound depends, amongst other things, upon the loudness of 
the sound; generally speaking, the louder the sound the farther 
away you will be able to”hear it. But there comes a practical 
limit to the loudness of a sound which can be produced in the 
atmosphere and there is a practical limit to the distance over 
which ordinary sounds can be conveyed merely through the air. 
You might be able to call to a man at a distance of 100 yards, or, 
if you had a very loud voice, possibly at a distance of half a mile. 
It would be hopeless for two people to attempt to call to each other 
by means of atmospheric sound waves say from here to America ! 
But we can do so if we use radio or the telephone, 
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The way in which these great distances have been bridged by 
radio is very simple. We know that radio waves will travel 
cnormous distances through the ether medium without appreciable 
attenuation. Consequently, if we can transform sound waves into 
radio waves, we have them in a form in which they can readily 
travel these immense distances, and, if we have means at the other 
end for re-transforming them back into sound waves, we have a 
long-distance ‘‘ vehicle ”’ to carry them to their destination. What 
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Fig 5—Sound waves of speaker’s voice affect the microphone, which transforms the 
energy into electrical impulses which are amplified and then transmitted by radio. 
At the other end, the impulses are received on the radio receiver and converted by the 
loudspeaker back to sound waves, and it is these that affect the car of the listener 


we do in radio broadcasting is to pass the sound into a microphone, 
which has the effect of setting up electrical impulses corresponding 
to the sound impulses: the electrical impulses are then caused to 
modulate high-frequency electric waves sent out from a trans- 
mitter (Fig. 5). 

Long-Distance Transmission. At the receiving end these 
modulated electric waves are reccived on a suitable circuit which 
generates electric impulses corresponding to those which were 
generated by the microphone at the transmitting end; these 
electrical impulses are then fed into a coil of wire wound round an 
jron core and have the effect of causing magnetising impulses, 
which operate on an iron armature placed in front of the iron 
core and cause it to vibrate mechanically and so to communicate 
actual sound vibrations to the air once more. So the sound waves 
have been put into a form suitable for long-distance transmission 
and are now back into sound waves once more. Here we have the 
complete cycle of operations from the time of speaking into the 
microphone in England and the time of hearing the voice reproduced 
in America. We have sketched the details of these various trans- 
formations because they will help us in considering the corresponding 

of this 
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radio users will already be fully familiar with the processes just 
outlined, 

Now let us turn to television. Just as with sound, so with 
seeing, it is only possible for us to see by the naked eye (or even with’ 
a telescope) over a comparatively short distance on the surface of 
the earth, owing to the curvature of the earth and the fact that we 
cannot see beyond the horizon. In practice, the distance is much 
more limited than this, owing to the presence of obstacles, such as 
buildings, in the way of the direct line of vision. In a word, direct 
vision is for all practical purposes extremely limited in its range. 

Producing Electrical Impulses. For long-distance seeing, 
therefore, we must have recourse to a process analogous to that 
which has already been described for long-distance hearing. We 
must first find some means of producing electrical impulses corres- 
ponding to the details of the picture or scene which is to be trans- 
mitted ; secondly we can transmit these electrical impulses over 
practically any terrestrial distance, even through obstacles such 
as buildings which obstruct ordinary vision; and thirdly we must 
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Fig. 6—Corresponding outline of television transmission and reception. Light ray; 

from the transmitted picture affect the photo-electric cell, the electrical output from 

which is amplified and then transmitted. At the chreiahdani ae the im are 

pre through a receiver, the electrical output of which affects a discharge lamp, 

he light rays of varying intensity from the discharge lamp are thrown into their 

respective positions on the receiving screen by means of the scanning device and the 
picture is once more built up 


have some means of re-transforming the impulses at the other end 
of their journey and converting them back into light, so that we can 
reproduce the details of the picture or scene once more. The long- 
distance “‘ link '’ over which the electrical impulses are sent may 
be in the form of a line conductor, such as a telegraph or telephone 
line or cable, or it may be in the form of a radio link, that is, the 
electrical impulses may be used to modulate high-frequency electric 
waves just as in ordinary radio broadcasting. We: | 
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at this point that the term “ television” or “ true television ” is 
nowadays commonly understood to mean seeing at a distance by 
means of radio transmission (Fig. 6). Sometimes television by 
the use of a radio link is differentiated from television by landline 
by the use of the term “ radio television ” or “ radiovision.”’ 

Properties of Eye and Ear. Now we come to another com- 
parison between sound and sight transmission which will help us 
in understanding the principles of television. 

When you hear a sound your ear is only listening to one set of 
waves at any instant, the sound being drawn out along a time-line 
and so enabling the ear to concentrate on each particular part of it 
at the appropriate moment. Take any simple tune you know. 
You may be able to remember it perfectly well, but when you think 
of it you do not think of the tune as a whole. What you probably 
do is to start humming it, going through it from beginning to end 
and taking a certain time in the process. Now compare this with 
the mental process involved in conjuring up a picture or a person’s 
face. Here your memory brings back to you the whole picture or 
whole face at once. 

The fact that sound is normally heard a-bit-at-a-time, so to speak, 
aids us very greatly in transmitting sound electrically ; in fact it 
enormously simplifies the problem. And there is another condition 
which still further helps us. Ifa number of different tones or sounds 
are operating simultaneously, the corresponding sound waves 
combine to form a compound wave, which we can easily transmit 
electrically, and when this is reproduced at the other end the ear, 
by some marvellous property which it possesses, is able to resolve 
this compound wave into its different components and hear the 
different notes separately. Just how this is done is beyond our 
knowledge. But it is a very fortunate accident and very greatly 
simplifies the electrical transmission of sound. 

Two Problems. When we turn to the question of trans- 
mitting vision, howevcr, we find two fundamental difficulties to be 
solved. The first one is that the eye is not content to see the 
picture, at the receiving end, a-bit-at-a-time (as the ear was with 
sound): the eye must see the picture all at once. The second one 
is that if we take electrical impulses corresponding to different parts 
of the picture to be transmitted, and lump these all together (as 
we do when transmitting a composite musical sound) the eye will 
be unable to “ see” these all in their right places (as the ear did 
with the sound). 

We do not know how to transmit a picture as a whole: all we 
can do is to transmit it a-bit-at-a-time, and follow up the successive 
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simultaneously. In other words, we have to descend to playing 
a trick on the eye (‘‘ the quickness of the hand deceives the eye ”’). 
How we are able to do this we will explain as we go along. 

As regards 
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*‘ synchronising ’’; these will also be explained later in the chapter. 

A Simple *‘ Picture.’’ Now let us go into the subject in more 
detail. Let us take the simplest possible case and suppose that we 
want to transmit a “ picture’ consisting of a plain white square 
with no markings on it whatever. To transmit this we need to 
have light shining on the picture, and then we must have an optical 
system (such as a lens) which will throw an image of the white 
square on to a device known as a “ photo-electric cell’ (Fig. 7). 
The photo-electric cell is described in more detail in another chapter, 
but briefly it is a device employing special chemical substances, 
which are sensitive to light, and which change their electrical 
resistance according to the amount of light that falls upon them. 

When used in suitable conditions the photo-electric cell gives 
an electrical output, the amount of which varies with the amount 
of light falling upon the cell. The photo-electric cell thus effects 
the transformation from light energy to electrical energy; you 
will see that it corresponds exactly to the microphone in telephony, 
which takes us from sound energy to electrical energy. And just 
as the electrical impulses coming from the microphone are used to 
modulate the transmitting circuit, so the electrical impulses coming 
from the photo-electric cell {in television) are used in a precisely 
similar way. . 

You will see that the photo-electric cell, when the light from 
the white square is falling upon it, will give a certain electrical 
output, and this can be used to modulate a suitable transmission. 
Now at the receiving end we will need something corresponding 
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to a loudspeaker, but instead of turning the received electrical 
impulses back into sound, it will turn the received electrical 
impulses into light. If we have an electric discharge lamp (such 
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the voltage applied to it. This forms a convenient device for 
converting the received electrical impulses into light variations, 
because all we have to do is to use the received electrical impulses 
to control the voltage applied to this lamp. 

In the simple illustration which we are considering, the eficct 
of the “ full light ’’ from the white square which we are using as 
object will be, at the receiving end, to make the discharge lamp work 
“full on’; if this discharge lamp is used to illuminate a small 
square receiving screen, the screen will show a plain square lighted 
with the maximum light. (Perhaps we should mention in passing 
that discharge lamps, as a rule, give hghts of various colours ; 
neon, for example, gives a red glow, and consequently the received 
picture of the white square would not be white, but would be 
whatever colour was given by the discharge lamp used. The 
point is, however, that the receiving screen would show “ full light ”’ 
when the object at the sending end showed “ full light.’’) 

If now we use a black square at the sending end instead of a 
white square (Fig. 8) it is obvious that the amount of light from 
this black square falling upon the photo-electric cell will be reduced 
io a minimum, with a corresponding change in the electrical output 
from the photo-electric cell; at the receiving end the electric im- 
pulses will now reduce the brightness of the discharge lamp to a 
minimum, so that the receiving screen will show a black square 
{or something very dark, approximating to black). 

The foregoing is a very crude illustration, but it lays bare the 
fundamental principles of television transmission. The idea is 
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that the amount of light on the “ object ” is used to affect a light- 
sensitive or photo-clectric cell, the electrical output from this cell 
varying in accordance with the brightness of the object: this 
electrical output from the photo-electric cell is used to modulate 
suitable transmitting circuits which send out over the ether elec- 
trical impulses corresponding to the brightness of the light on the 
'‘ object '’; these impulses are in due course received at the distant 
station by suitable receiving circuits where, in turn, they are used 
to control the light which is thrown upon a receiving screen; so 
the light on the screen at the receiving end is made to vary in exactly 
the same way as the light on the object at the sending end. 

How the Light is Made to Vary. So far we have explained 
how the brightness of the light thrown on the receiving screen is 
made to correspond to the light reflected from the ‘‘ object ’’ which 
is being transmitted at the sending end. Since we have supposed 
the ‘ object ’’ to be a plain white or black square, we are only 
concerned with brightness of the light, and we have not yet come 
to the question of getting different degrees of light in different 
positions on the receiving screen. This is a complete new step 
in the technique which we must now consider. 

Various ingenious methods have been suggested from time to 
time during recent years as to how a picture can be transmitted, 
but one that has stood the test of time and that seems to offer 
most scope for practical development is the method known as 
“ scanning,’’ and so we will proceed to explain what this process is. 
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Fig. 9-~The square of light at the transmitting end is resting upon square No, 1, and 
at the receiving end the beam of light is resting in a corresponding position on the 
receiving screen 


Now bear in mind what we said earlier on about the eye: you 
will recollect that if a whole “ bundle ” of light impulses are pre- 
sented to the eye at the receiving station, the eye has no means 
of separating them out and putting them into their proper positions 
to form a picture. If the eye is to build them up into a picture the 
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different rays of light must be differentiated, either in position 
or in some other way, from one another so that they will of them- 
selves (that is, without assistance from the eye) fit eventually 
into their proper positions in the reconstituted picture. 

Scanning. To understand what is meant by “ scanning ” 
let us first of all think of the way in which you read a page of print. 
If you look at the page as a whole, the impression you get is not 
the same as when looking at a picture as a whole. It is probable 
that when you look at a picture you “ take in” the main features 
of it without going over it and looking at all the details. But when 
it comes to a page of print you cannot perceive all that it contains 
by just looking at the page as a whole ; you have to start at the top 
left-hand corner and run your eye along the lines, proceeding along 
the first line and then going back to the left-hand end of the second 
line, finishing at the right-hand end, going back to the beginning 
of the third line and so on until you have read through the whole 
page. This process is precisely similar to that which is used in 
television for ‘' scanning ”’ a picture. 

Let us take a very simple case in which the “ picture’”’ to be 
scanned consists of a chessboard pattern with black and white 
squares (Fig. 9). Let us suppose furthermore that a beam of 
light is being thrown upon this “ object,’’ and that the light-spot 
forms a square of light upon the picture, the square of light being 
exactly the same size as the squares of the chessboard. If we start 
at the top left-hand corner, as we did in reading a page of print, 
and if the square at that corner is a black one, then there will be 
little or no light reflected from the board. We wall further suppose 
that a camera or such hke optical system is focused, so as to throw 
a picture of the chessboard on toa photo-electric cell. 

Now you will see that when the square spot of light is resting 
on the black square at the top left-hand corner, there will be little 
or no light falling on the photo-electric cell, and consequently 
there will be practically no electrical output from it for the purpose 
of modulating the radio transmission as described above, If 
the spot of light then moves one place to the right, so that 
it fits on to the adjacent white square, there will be the 
maximum amount of light passing through the camera lens 
and falling on to the photo-electric cell, and the maximum 
electrical output from this will be available for modulating the 
radio transmission. 

Again, if the square spot of light moves on to the next square 
on the board, which is a black one, the light reflected and sent on 
to the photo-electric cell will be reduced to a minimum, and so on. 
Having now passed to the end of the first row of squares, the spot 
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of light slips back quickly to the first square on the second row 
down, and proceeds along it in the same way. 

Let us suppose that, by some means or other, the operator at 
the receiving end (which, of course, may be miles away) is able to 
throw an image of the discharge lamp at his end on to a screen 
(you will remember that this discharge lamp is going bright and 
dark according to whether the spot of light at the sending end gocs 
on to white or dark squares) so that on the screen is a small square 
of light, which will be.at maximum brightness when the beam of 
light at the sending end is resting on a white square, and which 
will go practically dark when the beam of light at the sending end 
is resting on a black square. Let us further suppose—and this 
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Fig. ro—-The same as in the previous illustration but the spot at the transmitting end 

has now progressed and has reached the fourth square along the second line down ; 

the gpot of light on the receiving screen, moving synchronously, has reached the 
corresponding position 


ig a very important part—that the operator at the receiving end 
is able to make the little square of light on his receiving screen 
shift along in position exactly the same as the spot of light at the 
transmitting end is shifting, so that when the spot of light at the 
transmitting end is resting on square number 1 the spot of light 
at the receiving end Is resting in the position on the screen corres- 
ponding to square number 1 ; when the spot of light at the sending 
end moves to square number 2, the spot of light on the receiving 
screen moves to the position corresponding to square number 2, 
and so on. 

You will see that if this state of affairs can be achieved, the 
light-spot on the receiving screen will go through the same evolutions 
as that on the transmitted “‘ object.” It will pass along the “ top 
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line ” of the screen, going alternately light and dark at the appro- 
priate positions, just as the light-spot at the transmitting end is 
going over the white and black squares on the chessboard. Having 
come to the end of line 1, it will fly back to the left-hand end (or 
beginning) of line 2 and proceed in the same way (Fig. ro). 
Synchronising. We will not in this chapter deal further with 
the arrangement by which the spot of light, which is building up the 
picture at the receiving end, is made to move and keep in step with 
the spot of light at the transmitting end. The process of keeping 
the two light-spots in step, and moving over their respective object 
and screen 
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transmit ting ete omen Nehari Pe 
apparatus is j..)209 ca rene a igs A ? 6 : ae Pe 
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Fig. 11-—The pilot has written the word ‘‘ Daily,'' but, owing to the 
ss effect of the wind, the letters which were first written are fading 
the position out, whilst those which he has just done are much clearer. The 
of the light- same kind of thing happens with the light-spot which builds up the 
received picture in television. To avoid it, the light-spot must 

spot on the travel very quickly 


object or 

picture at the sending end will correspond with the position of the 
light-spot on the screen at the receiving end. For instance, if 
the spot on the picture at the transmitting end 1s, say, six lines 
down and half-way along the line, the spot on the screen at the 
receiving end will be six lines down and half way along the line 
at the same instant, and so on. 

Persistence of Vision. Now we must refer to a property of 
the eye itself by virtue of which a complete picture is seen on the 
receiving screen when this light-spot of varying intensity flies 
rapidly over the screen, tracing it along in lines as already described. 
You have probably noticed that if you look at a bright light for a 
second or two and then look away, or close your eyes, you can still 
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see (in your mind’s eye, as it were) the image of the light. It is 
not merely in your mind’s eye but actually in your eye, and you are 
still really seeing the light, because its effect on the retina (that is, 
the sensitive part of the back of the eye) has not vet died away. 
When light falls upon the retina it causes certain temporary 
chemical changes which stimulate the nerve of sight, and when the 
light ceases to fall on the eye the retina resumes its former condition 
very quickly, but not instantaneously: there is a slight lag. Now 
this lag is called ‘‘ persistence of vision,’’ a term which explains 
itself. : 

If the spot of light at the receiving screen (which, you remember, 
is going alternately bright and dark as it runs along each line) 
moves quickly enough, the eye looking at the screen will see white 
and dark squares because the impression of the first white square 
will not have died away out of the eye by the time the second one 
appears in its position, and so on. 

If the light-spot moves over the whole screen in a time which 
is less than the time required for the impression of the first white 
square to die out, 
then the cye will see 
a complete pictureor 
reproduction of the 


THE PERSISTENCE EFFECT 
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THE EVE SEES Al (YORE 
OC?LESS CONTINUOUS 
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Fig. 12—-The effect produced by waving a glowing match 
end, The eye sees a saat light, owing to ‘‘ persistence 
of vision ”’ 


chessboard pattern 
which is being trans- 
mitted. Obviously 
the more quickly the 
spot traces these 
series of line paths 
across the screen, 
and so covers the 
whole area, the more 
nearly will the eye 
see the whole effect 
as a complete pic- 
ture, because the 
parts first traced out 
will have had less 


time to fade from the eye before the picture is completed. 
Perhaps we can give you a simple illustration here which will help 


to make this clear. No doubt you have all seen “ sky-writing ” 
by an aeroplane sending out a jet of smoke and performing evolutions 
so as to write the letters of a word. If there is any wind moving at 
the time, the letter which is first written will be all distorted and 
blown away by the time the pilot has completed the last letter 


CHANGING PICTURES INTO RADIO WAVES 55 


(Fig. 11). In a general way this corresponds to the effect on the 
television receiving screen. The whole picture must be traversed 
by the light-spot before the impression of the first part has had time 
to fade out of the retina of the eye. 

You will realise that this means that the spot has to traverse 
the entire picture in a very short space of time, this time being no 
more than about 1/r2th of a second. If the time is appreciably 
more than this, the early part of the picture is beginning to fade 
out of the eye before the last part is completed, and you get an 
effect similar to that when you wave a red-hot match end in the 
air, where you see a kind of red streak, bright at the advancing 
part and tailing off at the other end (Fig. 12), 

You will remember that we said earlier that we could not transmit 
a picture as a whole, but had to transmit it in bits— a-bit-at-a- 
time ’’—and to play a trick on the eye. Well, now you see what it 
is: the trick consists in sending the separate bits in such rapid 
succession that the eye thinks (so to speak) that they are coming 
simultaneously. You will notice that this is only possible by taking 
advantage of 
this curious MAKING SHARP EDGES 
property of TRANSMUTTEL 
persistence of 
vision. With- 
out thisfaculty 
of the eye, 
goodness only 
knows how we 
should be able 
to achieve 
television at 
all! 

Definition. 


It remains in Fig. 13M the scanning spot rested stationary upon one square 
concludi h of the chessboard pattern and then jumped instantaneously to the 
CIUGINGtNe next square, resting awhile, then jumped instantaneously to the 
present chap- next square, and so on, the light would vary according to the 
‘“‘top hat’ curve shown, and the received picture would have 

terto touch on sharp edges similar to these in the original 


the question 

of the definition in the picture, that is, the amount of detail which 
can be obtained in the received picture, corresponding to the 
details of the transmitted picture. 

Referring again to the chessboard pattern, you will appreciate 
that if the light-spot at the transmitting end went in jumps, being 
stationary for a fraction of a second on a white square, then jumping 
quickly to a black square and remaining stationary there for the 
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same length of time, then jumping quickly to the next square, and 
so on, and if the light-spot at the receiving end did exactly the same 
thing, we should get, on the receiving screen, fairly sharply defined 
edges to the squares, that is, lines of demarcation between one 
square and the next (Fig. 13). 

In practice, however, it is not practicable to make the spot 
jump and remain stationary between jumps in this way (there are 
quite enough technical difficulties without this), and what we have 
to do is to make the spot move continuously over the picture. Let 
us see what is the effect of this. Consider again the chessboard 
pattern. The light-spot is resting on a white square and moves 
with a uniform motion from that square on to the adjacent black 
square (Fig. 14). As it does so, the total amount of light 
reflected from the chessboard on to the photo-electric cell will 
gradually diminish from that of a full white square down to that 
of a black square; for instance, when the light-spot is halfway 
from the one square to the next, one half of it will be on the white 
square and the other half on the black square, and the amount of 
light reflected will be half that of the full white square. 

The result is that the electrical output from the photo-electric 
cell, instead of going up and down in a series of jumps will go 
gradually up and down, according to a “curve’’ something like 
that in the accompanying figure. When this comes to be reproduced 
at the receiving end we shall] get a white patch in one position 
and a black patch in the adjacent position, but instead of a sharp 
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t moves continuously. Here it is shown 
a black and white square, the brightness then 
olin Ga ca maximum, When it is full on the bla uare, we 
have a dark effect, when it is full on a white square we have full 
Consequently the received re of the row of black and 
ite squares shows black and w patches, eeadasily merging 

T feos the oe ta te other but not sharp lines of demarcation 


ie Sia Spebodian: light 


to black, pass- 
ing through a 
kind of grey. 

This means 
that instead 
of a sharply 
defined set of 
black and 
white squares 
in the repro- 
duced picture 
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‘we shall have a kind of blurred effect, obviously intended for 
black and white squares, but the sort of thing a short-sighted man 
might see, or the sort of picture you would get if you took a photo- 
‘graph of it with the camera slightly out of focus. 

Detail. From this you will understand, in a general way, what 
is meant by the “ detail’ in the reproduced picture. In the crude 
case given above, the “ detail” will obviously be pretty bad. The 
question therefore arises : How can we improve the detail ? 

Well, we can improve the detail by making the light-spot much 
smaller than the black and white squares (Fig. 15). This will 
remain “' full white ” in travelling across the white square, and the 
tumbledown in brightness when this small spot passes over the 
edge from a white square to a black square will occupy a corres- 
pondingly shorter time-interval; things will then remain black 
whilst it is passing across the black square, and soon. At the re- 
ceiving end this will sharpen-up the region of demarcation between 
a white patch and a black patch very considerably. 

It is clear that the “‘ definition ’’ will depend upon the size of 
the scanning spot in relation to the size of the whole picture. But 
again, if we use 
a small spot WITH A SMALL SPOT 
like this, it will 
be all very well 
for passing 
along a hori- 
zontal line of 
these black 
and white 
squares, but 
what is going 





to happen --y, 13 

when we reach a + 

the end of the TaanstTront PERIOO Nyen 
line and nirad eonptip Ale oA 


go back to Fig. 15—If the scanning spot is made small compared to the 
begin the sya te repea.et commcation le reset ac les 
second line?  »  between black and white- 

When this 

small light-spot runs along the top row of squares it will trace out 
a path which is much narrower than the row, and the light-spot 
at the receiving end (being made correspondingly small, which it 
must be) will trace out a black and white band, but the width 
of this band will only be equal to the diameter of the spot. When 
the scanning spot jumps to the second line. it will © os 
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a large part of the area of the top row of squares. The reproduced 
picture will thus consist of a series of narrow bands, each a set of 
black and white sections it is true, but with wide spaces between 
successive bands. 

To get over this, we must make the small spot start at the 
top of the first row of squares, go along to the end, then come back 
to the beginning and go along again a little lower down, but still 
on the first row of squares, and so on, until it has completely scanned 
the first row, before it begins on the second row (Fig. 16). The 
amount it descends each time it goes along will be roughly equal 
to the diameter of the spot. Suppose the diameter of the spot 
is one quarter of the depth of the squares, then the spot will have 
to make four successive traverses, descending a little each time, 


before it has traversed the entire area of the first row of squares 
(Figs. 16 and 17). 


FOUR LINES INSTEAD OF ONE 
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Fig. 16—To scan a row of black and white squares by means 

of ascanning spot much smaller than the squares, the scanning 

spot must make several excursions. Here is a spot the diameter 
of which is one quarter of the dimensions of the square 


So you see, mak- 
ing thie spot one- 
quarter of the 
diameter means 
that we have to 
make four times 
as many trav- 
erses, or “lines” 


across the object. 

Number of ‘‘ Lines.”’) You will see from this what is meant 
by “definition” and by the “number of lines.” In the “ low 
definition ’’ B.B.C. television transmissions a total of 30 lines is 
used, that 1s to say, the diaineter of the light-spot is roughly 1/30th 
of the width of the picture, the width being reckoned in the direction 
at right angles to the traverse, and so the spot, when it has travelled 
across, the picture in 30 adjacent lines or paths, has covered the 
entire area of the picture, after which, of course, it flies back to the 
starting point and repeats the same process all over again. We 
nay, perhaps, mention at this point that in low definition B.B.C. 
transmissions the whole picture is traversed 124 times per second 
or 25 times in two seconds. 

If instead of using a chessboard, which we have taken as a 
convenient illustration for the purposes of explanation, we use 
now an actual picture, say a head and shoulders, precisely the same 
sort of thing will happen, and whenever the light-spot passes over 
a bright part a strong impulse will be sent out, and when it passes 
over a dark spot the impulse will be weakened, the strength of the 
impulse corresponding to the brightness of the particular part 
over which the light-spot is passing at that instant. 
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_ Tf the spot passes a “ detail” on the picture which is about the 
same size as itself (for example, a button on the coat) it is evident 
from the foregoing that this detail will not come out clearly in © 
the received picture ; 


it will appear as a PATH OF THE SPOT 
dark spot (ifa black Tage 
button) but theedges “Sar 2 
will be blurred and “Sgr eee SZ 
the detail will not be ere F 
clearly defined. ara 


oe Fig. 17—This illustration shows the path of the scanning 

If now we divide spot as it progresses over the screen. On reaching the 
the picture into, say, end of a line it pening gaa of the 
180 lines or paths, 
and use a comparatively smaller spot, we shall have to make the 
spot travel all that much faster (because it now has to rush across 
180 lines instead of 30 in the same time), but we shall improve the 
“‘ detail’ because this very small spot can cope with a detail on 
the picture which is just that much smaller. 

Now you know what is meant when you hear about “ 30-line 
definition ’’ or '‘ low definition.”” When we go to say 100 lines or 
higher, we refer to “ high definition.” We need hardly add that 
the technical difficulties increase rapidly as the degree of definition, 
that is the number of lines, is increased. If it were not for this, 
of course, nobody would dream of using low definition. 

‘* Apparent *’ Definition. It is rather curious that the 
apparent definition turns out to be better than you would expect, 
owing no doubt to some property of the eye (or the imagination) 
in making-up, or filling-in, the missing detail. You know how an 
artist will sometimes draw a picture consisting of a few strokes 
which, looked at closely, is meaningless, but, at a little distance, 
gives you quite a distinct impression, the fact being that the 
imagination unconsciously supplies what is omitted. Well, the 
same sort of thing happens with a televised picture, and this 
accounts for the fact that even on the present B.B.C. 30-line 
transmission you can get, in favourable conditions, a received 
picture which is remarkably good and recognisable, far better 
than you would expect from purely geometrical considerations. 

** Screen Grain.’ In explaining the “ definition ” of a received 
television picture, it is customary to compare it to the definition 
of a screen-block used for printing pictures in a newspaper. No 
doubt you know that for the purpose of printing blocks, according 
to one process, the object is photographed through a “ screen,” 
so that ultimately the block which is made from the photograph 
has a large collection of small projecting ‘‘ points,” which when 
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inked and printed give you a picture made up of corresponding 
black points with whites paces between. If the screen is very 
coarse you naturally get a correspondingly coarse picture, and if 
this is held close to the eye it may be scarcely recognisable, but it 
will become recognisable if held some distance away. If the screen 
is made finer, so that you have a large number of smaller points 
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Fig. 18-—Showing how the scanning spot traverses a picture ora « detail’ in 
‘* subject,”’ being bright where the picture needs to be bright and aeaee 
dark where the picture needs to be dark, and so building upthe the original 


ne object which 
is of the same size as, or smaller than, the “ points "’ on the block, 
such detail cannot be reproduced. 

You should have now got a general idea of the basic principles 
of television transmission and reception. The various parts of the 
subject are dealt with in more detail in succeeding chapters, but 
it is necessary to have the broad scheme clearly in view. 

Let me sum it up for you: Two men are sitting at separate 
tables ina room: one has a picture before him, in black and white, 
whilst the other has a plain sheet of paper and some black ink. 
The first man A moves his finger along the upper edge of the picture, 
and B proceeds along the corresponding upper edge of his paper. 
Every time A passes a dark part of the picture, he calls out, and B 
puts a dark mark on his paper. On coming to the end of the first 
“row” they both go back to the beginning of the second row 
and do the same thing all over again. If they keep in step with one 
another (synchronised) they will finish up at the bottom right-hand 
corner simultaneously, and B will find on his paper a set of black 
and white dots or patches, which forma crude copy of A’s picture. 
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Let them do it all over again, only moving in finer lines (smaller 
dots made by B and more of them) and the “ detail ” of B’s picture 
will turn out to be improved. 

Instead of A and B doing i all this, Jet it be done automatically 
at the A end, the “‘ messages” being transmitted by radio, and let 
these messages automatically control the making of the light and 
dark parts at the B end. As light is used now, instead of ink, the 
impression will quickly fade away. All right, let us speed up the 
process so fast that the eye, looking at the B end, cannot tell but 
what it is a complete picture. 

Now, here you have the system in brief, and although it may 
sound very simple to you, it has taken many years of patient 
thought and work to bring it to its present state. 

Like many other things, it is simple in principle, but not quite 
so easy in practice. We must admire the ingenuity of its very 
simplicity | 

J. H. T.R. 


Chapter 6 


WHY THE PICTURES MOVE 


PERSISTENCE—-THE CINEMATOGRAPHIC EFFECT—EFFECT IN 

THE EYE—DURATION OF THE ‘' LAG ’’—THE ‘‘ MOVING ”’ 

EFFECT—A MAGIC LANTERN SPEEDED UP-——‘' FLICKER ’’— 

PICTURE FREQUENCY —- EFFECT OF DEFINITION —— LINE 

FREQUENCY-—ELECTRIC SIGNS—-SCREEN PERSISTENCE— 

FLUORESCENT SCREENS-—-PHOSPHORESCENCE-—BRIGHTNESS 
OF THE RECEIVED PICTURES-—LIGHT AND SHADE. 


It has been explained that the only practical way we know of 
for transmitting a picture by television is to transmit a serics of 
impulses, corresponding to a set of points of light. What actually 
happens on the receiving screen, where the received picture is being 
built up, is that a spot of light flics over the screen in successive 
lines and the brightness of the light varies from point to point so 
that some points of the screen will appear dark and some points 
will appear bright. If this process were carried out slowly, the 
eye would see the spot of hght as it travelled along the successive 
line paths, but if the speed of travel of the light-spot is so much 
increased that it traces the entire picture before the impression, in 
the cye, at the commencing part of the picture has had time to 
‘jade out,’”’ then the eye will be unable to follow the spot, as a 
spot, and willsee the picture as a whole. What we are really doing 
is to trick the eye into thinking it is secing the whole picture at 
once, and this we are able to do by taking advantage of the curious 
property known as “ persistence of vision.”” (See Fig. 19 for an 
interesting illustration of this principle.) 

Persistence. If it were not for this, no matter how quickly 
we whisked the light-spot over the screen, the eye would still be 
able to follow it and would not see a complete picture. So you see 
that on this accidental property of the eye depends the process of 
building-up the received picture; without it we should have to 
look about for some different television technique. 

The Cinematographic Effect. This question of persistence 
of vision is equally important in cinematography. Although you 
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may not perhaps realise it, it is entirely due to this effect that you 
are able to see moving pictures on the cinema screen, instead of 
seeing what is in reality taking place and that is, a series of separate 
and distinct pictures separately projected. 

In view of the fundamental importance of this property 
it is necessary to study it carefully in connection with tele- 
vision. We have seen in the 
previous chapter how if you TRICKING THE EYE 
strike a match and, when it is | 
burning brightly, blow it out, 
leaving the end glowing, and 
then wave this about in a 
circle in a dark room, you will 
not see just the end of the 
match but you will think you 
see a continuous red circle. 
We have all done this kind of 
thing with fireworks and other 
objects and the effect must be m4 
familiar to everyone. Now this 
is a simple illustration of per- 
sistence of vision. What is 
happening is this. When the 
glowing match-stick is at one 
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position the image of it is ere 
focussed by the lens system of mms 
the eye upon’a certain position [I ll [ 
on the retina (that is, the sen- ats 





sitive part of the back of the 
eye). When the glowing match 
moves to another position, the fig y9—An old experiment to illustrate 


image of it moves to a corres- persistence of vision. A piece of cardboard 
: wae : as a birdcage drawn on one side and a bird 
ponding position onthe retina, on the opposite side as shown at A and B. 


but if the glowing match is i ae of ie ile oe 
moving very quickly, the part When it is spun over rapidly you see the 
of the retina on which the “* ~~ elses hegre oe Ages = 
image was first focussed has not 

lost the effect before the image has moved to an adjacent position, 
and so the eye goes on seeing the image in its first position (and, of 
course, all intermediate positions) for a certain short space of time. 
The result is that all the various images connect up, as it were, 
or merge, and the eye sees, or thinks it sees, a continuous ring of 
light, whereas it ought to see what is actually happening, that is, 
a single source of liggt travelling around a circular path. 
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Effect in the Eye. We need not, in this chapter, go into details 
as to what actually happens in the retina ; in any case this matter 
is dealt with in more detail in another chapter. When light falls 
on the retina it causes certain chemical changes to take place, and 
these have the effect of stimulating the nerve of sight. When the 
light is extinguished the retina resumes its normal condition, but 
the change, eithcr when the light commences or when it ceases, 1s 
not absolutely instantaneous. It is this slight lag which accounts 
for the persistence of the effect even after the light has ceased. A 
very minute and accidental effect you may think, and one which, 
in the ordinary use of our eyes in everyday life, never comes into 
evidence. Nevertheless, it is the basis, as already indicated, of 
cinematography and television. It enables the eye to be deceived 
by very rapidly moving objects and we take advantage of this 
defect in the eye—for a defect it undoubtedly 1is—and turn it to 
account for these special purposes. 

Duration of the ‘‘ Lag.’’ The duration of the persistence in 
the retina (that is to say, the time required for the impression of a 
bright light to die away after the light has, in fact, ceased) varies 
with different people. Some people's eyes recover in a very short 
space of time, whilst some people will continue to see the impression 
of a bright light for a much longer time. If a light is exceedingly 
bright—for cxample, an electric spark, a flash of hghtning or a 
flashlight used for photographic purposes—-then practically all 
people will find the effect persist a long time and may even see it 
many seconds after it has actually occurred. Another curious 
thing about the eye is that its sensitiveness to light, as also the 
duration of the persistence, varies with the amount of light actually 
falling upon the retina. 

For instance, during the day you experience no discomfort from 
daylight, but if you go into a dark room for an hour or so your eyes 
will become much more sensitive to light and if you then emerge 
suddenly into full daylight you will experience great discomfort for 
a few seconds, until your eyes have accustomed themselves. Also, 
if you see a flash of lightning during the daytime you will perhaps, 
scarcely notice it, but if you are staring out into a dark sky at night- 
time waiting for a flash, when it comes it will leave a very vivid 
impression in your eyes, because they have become much more 
sensitive owing to the darkness. Well, so much for the actual 
effect in the retina of the eye. Now let us sce how it is made use 
of in the cinema film. 

The ‘* Moving ’’ Effect. Most people have some idea how the 
continuous “ moving ”’ effect is obtained in cinematograph pictures. 
The pictures are thrown upon the screen by projecting a powerful 
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SIMILAR TO THE SCANNING ANALYSIS PRINCIPLE 
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THE PROCESS OF REPRODUCING “ HALF-TONE ” ILLUSTRATIONS 

IN NEWSPAPERS AND MAGAZINES 15 IN SOME RESPECTS SIMILAR 

TO THE SCANNING ANALYSIS OF PICTURES WHICH OCCURS 

IN TELEVISION. AS THI MAGNIFIED PORTION ABOVE SHOWS, 

THE PICTURE IS BUILT UP WITH THOUSANDS OF DOTS, AND 

THE MORE THERE ARE OF THESE TO A GIVEN AREA THE BETTER 
THE DEFINITION 
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THE SIMPLEST FORM OF VIEWER 





THE SIMPLICITY OF A LOW DEFINITION VIEWER IS VERY 

CLEARLY TO BE SEEN IN THIS PHOTO. THE PRINCIPAL PARTS 

ARE AN ADJUSTING RESISTANCE, DRIVING MOTOR, SCANNING 

DISC, NEON LAMP. THERE IS A SIMPLE MAGNIFYING LENS 
IN ORDER TO ENLARGE THE PICTURE 
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A COMPLETE MIRROR-SCREW VIEWER. THE SYNCHRONISER 
CAN PLAINLY BE SEEN ON THE RIGHT OF THE DRIVING MOTOR 
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beam of light through a series of small photographic pictures on a 
cinematographic film. If you take up a length of cinematographic 
fim in your hand and ex- 

amine it by holding it up to THE CINE PRINCIPLE 






















the light, it appears that all EEO ONEMA 
the pictures on it are pretty Z oe ol AZag 
much the same (Fig. 20). In 2 

Me 


fact, however, each picture 
differs slightly from the one 
next toit. The camera with 
which the pictures are taken 
is exposed for a very short 
exposure at separate intervals 
of time, the usual rate being 
24 pictures per second. Thus 
a photograph is taken at a 
certain instant with an 
exposure of perhaps 1/48th 
of a second; then the shutter 
of the camera closes, the film 
moves on to the next posi- 
tion, the shutter opens and 
another exposure is made; 
the shutter closes, the film 


moves on tothe next posi- Fig, 20—A section of ordinary cinema film. 
; . ‘ In practice the successive pictures differ ever 
tion, then another €XPOSUre, so slightly from one another and the difference 


is not usually noticeable on a short length 
and so on, so that what the of film. The separate pictures are pro‘ected 


camera sces is a series Of in rapid succession and merge into a 
separate and distinct views of 

the moving scene taken, 

however, with very short intervals of time between them. 

When the film is projected on the screen in the cinema theatre the 
shutter opens and allows the light to pass through, thus showing a 
Stationary picture for a very small fraction of a second ; the shutter 
then closes, the film moves on to the next position, the shutter 
opens and the next picture is shown in a stationary position upon 
the screen, and so on. Thus the successive pictures which have 
been taken at intervals of 1/24th of a second by the movie camera 
are projected at the same intervals of time, that is 1/24th of a 
second, on to the screen in the cinema theatre (Fig. 21). 

A Magic Lantern Speeded Up. The important point tc 
note, however, is that whilst it is actually being projected on 
the screen the picture is stationary ; it is in every sense of the 
word a “still’”’ picture. All that the projector is doing is tc 
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throw a series of still cinematograph pictures, precisely similar 
to those thrown by an old-fashioned magic lantern. The only 
difference between the movie pictures and the magic lantern 
pictures is that the movie pictures follow each other in such rapid 
succession that the eye is deceived and the impression of one pic- 
ture has not yet died out from the retina before the impression of 
the next 

succeed ing THE SCREEN GOES DARK 

picture comes Mae% Seo 

on, so that the 
observer gets 
the idea that , 
there is a 
continuous 
and connected 
movement 
taking place Fig 2:-—This diagram shows roughly the way in which the 
on the screen. cinematograph screen is ‘' full light ’’ for about 1/48th of a second, 


then dark for 1/48th of a second, then light and so on. The eye 
It may come does not see the separate flashes, as these merge together 


as a shock to 

those of you who are film fans to be told that the modern cine- 
matograph show is nothing more or less than a magic lantern 
show speeded up—but that is the fact. 

We have said that the usual rate of projection of cinematograph 
pictures to-day is 24 pictures (or “ frames,’’ as they are called) 
per second. This rate of succession of pictures gives a fairly 
good impression of continuity and does not seriously inconvenience 
the eye. It is obvious that the more pictures per second that 
are used, the greater the ‘‘ footage” of film which passes through 
the projector for a given time of performance and therefore it is 
to the interest of film producers to use as small a number of pictures 
per second as possible. In the early days of cinematography 
the standard rate of projection used to be 16 pictures per second, 
and even at this slow rate the picture is seen as a continuously 
moving one. Some people, however, at this rate of projection, 
begin to have a sense of flicker and find a certain amount of dis- 
comfort in looking at the pictures for any length of time. A 
great deal of investigation has been carried out and it has been 
found impracticable to reduce the projection rate much below 16 
pictures per second. Actually 12 pictures per second will ‘‘ fuse ”’ 
together and give the impression of continuity but at that slow 
rate they are hable to become very uncomfortable to watch. 

‘* Flicker.’”*’ We have used the term “ flicker,” and referred 
to the discomfort experienced by the eye in looking at pictures 
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that do not follow one another sufficiently rapidly. Let us start 
at the opposite end of the Scale with a “ picture frequency ”’ of 
one picture per second and gradually increase, so that we can 
study this effect more closely. We then find that at the rate 
of 1, 2, 3 or 4 pictures per second each picture is seen quite separately 


SENSATION OF FLICKER 


picture. As the 
rate gets up to 
5, 6, or 7 per 
second the pic- 
tures are still 
seen as separ- 
ate ones, but 
the discomfort 
of the succes- 
sive illumina- 
tions or flashes in the cye increases rapidly and when it gets up 
to about 10 per second the discomfort is acute ; most people find 
it impossible to bear intermittent illumination in the eye at the 
rate of about 10 per second. In scientific parlance, we may 
say that the flicker becomes most painful when it reaches a 
frequency of 
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Fig. 23—Curve indicating the way in which the sensation ot flicker 
or discomfort increases as the number of pictures per second in- 
creases, and reaches a maximum at about ro per second, after 
which the sensation of flicker begins to disappear and the pictures 
merge together 
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A CAUSE OF DISCOMFORT 
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second. After 
this rate is 
passed the 
discomfort be- 
gins to de 
crease and in- 
stead of seeing 












es separate pic- 
- to tures (with 
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ye KECOVERS 


Fig. 24—-This diagram indicates why flashes which are too slow 


“separate 
ness ’’ and the 


in succession cause discomfort to the eye. In curve (A) is indicated 

the flashing on of a light, subsequently extinguished, this process 

being repeated at intervals of 1/8th of a second. In curve (B) the 

response of the eye is shown, and it is seen that the eye recovers 

almost completely between successive flashes. This is why the 
effect is painful 


pictures begin 
to fuse them- 
selves to- 
gether; here 
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the impression of continuity begins to come in (Fig. 
23). ee 

Picture Frequency. If we assume that the persistence of 

vision lasts for about 1/roth of a second, we see that when the 

interval between successive illuminations is a little more than 

1/toth of a second the eye is receiving separate excitations 

with just time 

OBTAINING A SMOOTHER EFFECT to recover be- 

Ys T* SECOND tween them, 

——o and this 

f. proves to be 


de if (A) very uncom- 
fiumnarion }ortable 

| (Fig. 24). Hf, 

QAR «Heel <~ Feat = Lene —, Set. Corea. however, the 
interval be- 
tween suc- 

_ (4 cessive 
fLtf&ecr  iiluminations 
(N EYE is consider- 
ably less than 

1/roth of a 

second, the 


Fig. 25—This figure is similar to the previous one, but the flashes ye has 
of iltumination follow one another at intervals of 1/16th of a second. 
in curve (B) it is seen that the stimulus of the eye has not had hardly begun 
time to die down appreciably before the next flash comes, and so tg recover 
the eye is kept constantly stimulated and the uncomfortable 

sensation is largely avoided from the 


stimulus 
due to the first Ilumination when the second illumination arrives, 
and so the retina is kept in a state of more or less continuous 
stimulation: this turns out to be much less uncomfortable. 

The greater the rapidity of succession of the pictures—ihe 
“ picture frequency ” (after about 16 per second)—the less the 
sense of “ flicker ’’ and the more comfortable the pictures become 
to look at (Fig. 25). 

Now let us turn to the use of persistence of vision in the reception 
of televised pictures. We have already indicated that we rely 
upon this property of the eye for fusing together or building up 
the different light-spots, produced by the scanning spot as it flies 
over the receiving screen, into a complete picture, If the scanning 
spot just traced over the entire picture once and then stopped, 
we should be left with the impression of having seen a whole picture 
but for a very short space of time. In order to keep the picture 
continuonsly in view it is necessary for the scanning spot to keep 
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on tracing out the entire pigture time after time; after having 
started at the top and traced out all the lines right down to the 
bottom it has to go back to the top again and repeat the whole 
process. 

So you see, we depend upon persistence of vision to build up 
all the different light-spots into a complete picture, and then 
we depend upon persistence of vision still further to build up 
or fuse together all these successive pictures into a continuous 
moving effect. In the cinema we do at least start with complete 
pictures, and we rely upon “ persistence ”’ to fuse separate pictures 
together ; but in television, we have to make up each picture 
from the light-spots before we get to the starting point of the 
cinema film. 

Effect of Definition. Let us assume that the “ definition ” 
of a televised picture is 180 lines, and that the entire picture is 
repeated 12 times per second. Then, obviously the light-spot 
has to traverse 180 multiplied by 12, that 1s 2160 lines per second. 
In passing along each of these lines, the intensity of the light- 
spot may have to fluctuate at least 180 times—say 200. The 
fluctuations of the light-intensity may therefore take place at 
the rate of 2160 multiplied by 200, that is, roughly half-a-millton- 
times per second. The photo-electric cell at the transmitting 
end must therefore be able to respond faithfully to a change of 
light-intensity falling on it in something of the order of one millionth 
of a second. 

From all this you will sce the desirability of keeping the number 
of pictures per second, the picture frequency, as low as possible. 
If we went up to 24 pictures per second, the variations in the 
intensity of the light falling on the photo-electric cell at the trans- 
mitter would take place with twice the former rapidity and every- 
thing would be correspondingly increased in difficulty. On the 
one hand, we have to keep the picture frequency high enough 
to avoid flicker and discomfort to the observer, whilst on the 
other hand we don’t want to make the picture frequency any 
higher than we can possibly help, in view of the technical 
difficulties. 

In the 30-line B.B.C. transmissions, the picture frequency is 
12$ per second; at this frequency the discomfort is noticeable 
to most people. Even if this were increased to a picture frequency 
of 16 per second it would greatly improve matters. The Post- 
master-General’s Committee recommended that high definition 
broadcast television should be on the basis of 240 lines (or 


more) and the picture frequency of 25 pictures per second (or 
more). 
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Line Frequency. Whilst you see, from the foregoing con- 
siderations, that a high line-frequency and a high picture-frequency 
are very desirable from the observer's point of view, they increase 
greatly the technical difficulties. Further than this, there are 
greater difficulties in finding radio frequencies for the transmission 
of the necessary modulations, but that is a matter we need not 
go into here as it is dealt with more fully in another part of this 
volume. 

We have said that persistence of vision in the cye is essential 
for seeing continuity of movement by successive pictures. It 
would seem that we can never hope to get away entirely from our 
dependence upon persistence of vision. At the same time, however, 
it has been found possible to aid the persistence effect in the eye 
by means of a somewhat similar persistence effect in the screen 
itself. Let us take a simple illustration. 

Electric Signs. No doubt you have stood, at some time or 
other, watching one of those moving electric signs, which consist 
of an assembly of electric lamps on which letters and words are 
made to run across—the “ electric newspaper,’ it is sometimes 
called. Probably you have an idea how it works. Anyway, it 
has certain similarities to a crude system of television, so is worth 
studying for a moment. 

‘Behind the scenes’ is a system of moving electric contacts 
which operate different combinations of the lamps successively. 
For instance, suppose the letter “ I ’’ is to be sent across the screen. 
For this a vertical row of, say, 6 lamps is switched on; as the 
contact-mechanism moves forward, the next adjacent vertical row 
of 6 lamps is switched on, the first row being at the same instant 
extinguished. Then the contact moves on, and the third vertical 
row of 6 lamps is switched on, the second row being switched off, 
and so on. The contact moves rapidly, so the change along the 
successive vertical rows of lamps takes place rapidly and as the 
lamps, on being switched off, do not ‘' go out ” instantly, there is a 
limit to the speed at which the letters can be sent across the screen. 
Probably you have noticed that as the letters go across they leave 
a kind of fiery tail or furry luminosity behind them. This is simply 
due to the fact that the lamps which have just been switched off 
(and are therefore theoretically “out ’’) are not quite ‘ out," 
but just in the act of going out. In other words, there is a kind 
of “ persistence ” effect in the lamps (Fig. 22). 

If another letter is chasing the first one across the screen, it 
must not be so near that it treads on the “tail” of the first one. 
This is one of the factors that puts a limit to the speed at which the 
letters can be run across, Obviously, for these electric signs, lamps 
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are used that have very little “lag,” that is, lamps that “ go out ” 
very quickly after being switched off. 

This gives us a clue because, although the persistence in the 
case of the 
lamps is not 
wanted, if we 
could intro- 
duce a similar 
effect suitably 
in a television 
screen, it 
would be a 
good thing in- 
stead of a bad 
one. 

Screen 
Persistence. 
Let us con- 
sider the 
fluorescent 
screen used 1a 
a cathode-ray 
tube for 
receiving the 


AN ELECTRIC SIGN IN ACTION 











televised pic- 
tures, because 
we shall find 
that an effect 


Poway lit 


Fig. z2—-The third vertical row of jJamps are ‘‘tull on,’’ ssauw- 
ing the letter ‘'I,"' whilst the second row of lamps are switched 
off and are just Josing their brightness, the first row of lamps 
having almost completely ceased to glow. In the lower part of the 
Figure ts shown the impression in the eye, that of the furry tail 


to the letters as they run across the bank of lamps. The arrow 
indicates the direction of travel of the letters 


of this kind is 
eX hibited 
'by such screens and may be very useful. 

Fluorescent Screens. The screen consists of a fine coating 
of material—of which barium platino-cyanide is a familiar example 
—which becomes lurninous when bonibarded by a stream of high- 
speed electrons. The stream of electrons in the cathode tube hits 
this screen and a bright spot appears at the point where the cathode 
beam strikes it. If the cathode beam, instead of remaining 
Stationary, is made to fly over the fluorescent screen and “scan” 
it in the way already described, and if the beam at the same time 
Varies so as to vary the brightness of the spot, we will get a picture 
produced on the fluorescent screen. Now obviously we want the 
commencing part of the picture to remain visible until the end part 
of the picture has been completed. Hitherto in our explanations 
we have supposed that the duty of keeping the picture in view falls 
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entirely on the persistence of vision effect in the eye. But if the 
fluorescent material itself exhibits.a certain lag, that is, if it con- 
tinues to glow for a short interval after the excitation due to the 
impact of the cathode beam has ceased, then it will of itself provide 
this persistence effect and to that extent assist the eye. 

Phosphorescence. The emission of light from a substance of 
this kind when actually under excitation is called ‘‘ fluorescence,” 
whilst the continued emission of light after the exciting cause 
has been removed is called ‘“‘ phosphorescence.” In practice it is 
probable that every fluorescent substance exhibits a certain amount 
of phosphorescence, that is to say, that the activity takes a certain 
time to die away after the exciting cause has ceased to operate. 
Different substances, however, show very great variations in this 
phosphorescent “lag ’’ and experiments are now being made in 
order to find out how to produce just the right amountf persistence 
in the screen itself to help the eye and reduce flicker, without causing 
overlapping and blurring. Some experts believe that there is an 
important field for development in the direction of screen phos- 
phorescence. 

We have now seen how a single television picture is built up 
by a spot of hght, the brightness of which varies appropriately 
as it traces out the picture in a series of lines, and how this system 
of lines is made to appear as a single picture, owing to persistence 
of vision. We have also seen how the individual pictures are 
sepeated in rapid *succession so as to give the impression of con- 
tinuous movement, again relying upon persistence of vision. The 
successive pictures must follow one another at not less than a 
certain minimum rate, otherwise we get the uncomfortable sensation 
of flicker. Finally, we have seen how the persistence of vision 
effect in the retina of the eye can be assisted by utilising a similar 
persistence in the actual material of the screen on which the 
television pictures are received. 

Brightness of the Received Pictures. Before concluding 
this chapter, it will be useful to say something about the actual 
brightness of the pictures received, as this is not the least of the many 
questions which confront the television experimenter. Jn fact, 
one of the main problems in television to-day is to get sufficient 
light into the received picture: in view of what has been said in 
the foregoing you will easily appreciate this difficulty. The spot 
of light which traces out the picture may be intrinsically bright, 
but it has to fly over the picture at such a rate that it only rests 
on any particular spot for an extremely short space of time. You 
will remember we calculated that if the spot traced a picture of 
180 lines at a picture frequency of 12 pictures per second, it would 
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only rest on a spot of the screen equal in area to the scanning spot 
itself for a time of something like 2} millionths of a second. 

It is sometimes stated that the brightness of illumination of the 
picture is equal to the brightness of the illumination of the scanning 
spot divided by the area of the picture. This is a simple way of 
approaching the question of the illumination, and at first sight 
you might think that the intensity would be simply the total light 
falling on the picture (that is, the total light in the scanning beam) 
divided by the arca of the picture, since the available light has to 
be spread out over the whole picture area. 

Owing to various physiological and psychological effects, however, 
the brightness cannot be arrived at in this simple way. The bright- 
ness is not the same as though we took the total amount of light 
in the scanning beam and distributed it over the whole of the 
picture area. This is another of those fortunate accidents which 
help to simplify television, or rather to render it less difficult than 
it would otherwise be. Nevertheless, the fact remains that the 
received television picture is very lacking in brightness as com- 
pared, for example, with a good home cinematograph picture, 
and a great deal still remains to be done in this direction. 

Light and Shade. Then there is the question of light and shade, 
or “ contrast,” between the different parts of the received picture. 
A change in the brightness of any part of the picture is judged 
by the cye, not by the actual magnitude of the change, but by the 
magnitude in relation to the original brightness. This means 
that the brightness of a bright spot has to increase more than the 
brightness of a faint spot for the eye to conclude that there has 
been the same degree of change in each of them, and is an informal 
expression of an important law known as Fechner’s Law. We 
need not go into this further just now, however, as it will arise 
again later on. 

j.tl.T. R 
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TELEVISION TRANSMISSION 


AN ACCIDENTAL DISCOVERY-—-PHOTO-ELECTRIC CELLS-— 
CHANGING LIGHT INTO ELECTRICAL VARIATIONS—DISC 
SCANNING-—A SIMPLE EXPERIMENT—FLOODLIGHT AND SPOT- 
LIGHT SCANNIXNG—THE MIRROR DRUM-——FARNSWORTH’S 
ELECTRON CAMERA-—- THE ELECTRON MULTIPLIER— 
ZWORYKIN’S ICONOSCOPE-—-THE INTERMEDIATE FILM 
TROCESS—-SYNCHRONISATION—-SEPARATE SCANNING TRANS- 
MISSIONS —- VELOCITY AND INTENSITY MODULATION— 
INTERLACED SCANNING, 


Fifty or so years ago an elderly scientist bending over a bench 
in his laboratory noticed that something happened to his apparatus 
when a bright light shined upon it. Although he did not live long 
enough to see it, this accidental discovery ultimately resulted 
in the development of the modern photo-electric cell, which has 
hundreds of valuable uses additionally to being the keystone of 
television transmission. 

The photo-electric cell has the power to produce an electrical 
pattern of light variations. Shining a bright hight on to a photo- 
electric cell connected to suitable amplifiers causes an electrical 
current to flow, the strength of which will vary exactly and 
immediately in accordance with any changes in the brightness of 
the light. Take the light farther away and the current falls; 
bring it nearer and it rises. 

The effect which Prof. Hertz noticed in 1888 was that when 
light was shone on to a piece of zinc, which he was using for some- 
thing quite different, it caused the metal to emit particles of 
electricity. Some say that Hertz didn’t get as far in his observations 
as to arrive at this final conclusion, and that all he was responsible 
for was the pointing to an-at-first-unexplainable phenomenon. 
But we would like to see this respected scientist given generous 
credit for his valuable pioneering. 

Photo-electric Cells. It was subsequently discovered that 
any metallic substance has the power to throw off electrical particles 
(electrons) when subjected to the influence of light rays. But 
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some metals are very much more “ light sensitive ” than others. 
Also they all vary in their sensitivity to different kinds of light. 
For example, zinc, the metal which we might almost call the father 
of photo-electrical phenomena in view of Prof. Hertz’s initial 
discovery, is among the less sensitive, and, moreover, it reacts 
appreciably only to the invisible ultra-violet rays and not to the 
rays which constitute the visible part of the light spectrum. 

The alkali metals, potassium, rubidium, caesium, strontium, 
lithium, sodium and barium, give the best results with visible 
light. And of these it is found that caesium, a silver-like metal, is 
the most sensitive. By that we mean it throws off the most 
electrons (particles of negative electricity) for a given amount of 
light. Therefore, caesium is the substance most widely used in 
modern photo-electric cells. 

At one time they used to employ a solid mass of the material, 
but it was eventually learned that the best results were achieved 
with an extremely thin laver backed with silver, no more, in fact, 
than a film of it much thinner than a cigarette paper. 

Incidentally, the sensitivity of a caesium photo-electric cell 
increases at the red end of the spectrum, and so it 1s especially 
suited to artificial lighting. 

The caesium-silver combination only forms one part of the 
complete cell. It 1s known as the ‘“ cathode.”” There is also the 
anode, a simple metal structure such as a loop of wire or a piece 
of wire gauze, and the two are sealed into a glass bulb from which 
the air has been extracted. In the place of air there is a certain 
amount of inert gas, gencrally argon in the more sensitive gas- 
filled cells. 

The cell is connected up so OBSERVING ITS ACTION 
that there isa positive voltage |, yeyy SENSITIVE 
onthe anode inorder toattract dans, CATHOOE 
the electrons emitted from the ee 
cathode. On their way over, Bie 
however, they encounter the ——— ANODE 
atoms of the gas which has = —77— = 
been introduced into the bulb. 
If the attracting voltage on 
the anode is fairly low all that 





happens is that the electrons METER 

jostle through, bumping into 

the gas atoms and bouncing MAY al 

off them again. But if the eae in 
§ Mesistance ' “Garreey 


voltage is increas s 
i Se 15 inc eased, the peed Fig. 26-—A photo-cell connected to a meter 
of the electrons is increased, in order that its action can be observed 
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and they strike the gas atoms with greater force and knock 
electrons off them. These electrons add to the volume of’ 
those travelling to the anode. Increase the attracting voltage 
still more and the energy of the electrons will increase until they 
begin to bounce backwards and forwards from gas atoms to the 
cathode and knock further electrons off the latter before finally 
completing their journeys to the anode. And so the volume of 
electrons can be increased and increased by making the anode 
voltage greater and greater. But there is a limit beyond which 
the effect cannot be taken. 

You must remember that an electron is a particle of electricity. 
An electrical current is merely a flow of electrons. Now, when light 
rays of a given intensity strike the cathode of the photo-electric 
cell a certain proportionate number of electrons is emitted. But 
by introducing the gas and setting the anode at a certain voltage, 
there is a nfultiplication of the stream of electrons. A greater 
current is caused to flow, the cell is made even more sensitive. 

The snag is that while the gas-filled cell is more sensitive than the 
vacuum type, it is less stable in action and requires compensation 
in its associated circuit for lag, particularly at the higher frequencies. 

Changing Light into Electrical Variations. If a photo- 
electric cell is connected up in the manner shown in Fig. 26 its 
action can be closely observed by means of the meter. The purpose 
of the resistance is to limit the current flow, for if it were to be 

i allowed to rise to too great 
A PHOTO-CELL CIRCUIT an extent the cell would be 
fheor0- LE bCT IC -- -- = damaged. 
Cecc The meter measures the 
amount of current flowing in 
the simple circuit, the voltage 
of the battery being such that 
the cell works sensitively but 
well within its safety limits. 

It would be noticed that a 
certain amount of current 
would flow even if all light 
Fig. 27—Showing how the photo-electrie cen Wete excluded from the cell. 

is connected to an amplifying vaive This current is known as the 
‘“‘dark current,” for an obvious 

reason. But it is a very small current in the type normally used. 
| You will see in Fig. 27 how a cell can be connected to an amplifier 
circuit. The current variations occurring through the resistance 
produce changes of voltage across the ends of this, which are com- 
municated to the grid of the amplifying valve. The grid bias 
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battery has the quite normal task of keeping the valve biased in 
just the same way as is done in the case of an ordinary L.F. valve 
used in a radio set. 

With an efficient means of transforming light variations into 
changing electrical energy to hand in the photo-electrical cell, half, 
or more than half, of the difficulties of television transmission are 
solved. What requires to be done is to break the picture up into 
light points as explained in preceding chapters. 

Disc Scanning. The simplest method is to use a scanning 
disc. The action of a scanning disc is illustrated by Fig. 28. The 
disc shown has eight small square holes in it, arranged spirally. 
Imagine a picture placed behind 
this disc as indicated by the THE “NIPKOW” DISC 
dotted lines. You are facing 
the disc, and al! you can see of 
the picture is a tiny square of 
it through one of the holes. If 
the disc is slowly rotated in a 
clockwise direction you will 
first see succeeding patches 
of the picture running in a 
slightly curved line at the 
bottom. As soon as the first 
hole leaves the picture the 
second one starts to traverse 
a strip slightly higher up. This 
is followed by the third hole Fig, 28— An illustration of the principle ot 
covering a third strip, and so thsgeanning dsc, This scheme wat vente 
on until you get to the eighth century 
hole which runs across the top 
and final strip. Then the first hole starts again to run across the 
bottom strip, and it is actually shown as doing this in the sketch. 
The whole picture has been scanned once. If the disc were rotated 
very rapidly you would be able to see the whole of the picture 
because of the persistence of vision that is a quality of the human 
eye. 

A Simple Experiment. There is an interesting little experi- 
ment which you can make that will illustrate the effect. Take a 
piece of cardboard of any convenient size of or about the 
dimensions of a postcard. In fact, a postcard would prove quite 
suitable, In the centre make a pin-hole. Now look at any brightly 
illuminated scene through the pin-hole, using only the one eye and 
closing the other. The kind of scene we have in mind is the view 
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While you keep the card stationary all that you will see will be 
one tiny but brightly lit portion of the scene. But if you move 
the card backwards and forwards an inch or two with a rapid 
action you will find that you will be able to see a strip of the scene 
quite clearly. You are using persistence of vision and are scanning 
a strip of a picture. If the movement of the card could be speeded 
up several times and moved backwards and forwards over successive 
strips of the scene so that the whole of it was covered in a continuous 
series of complete scans, then you would see the whole view, although 
the pinhole would have to be kept fairly close to the eye. 

However, although this little experiment will give you some- 
thing of a practical idea of the principle of scanning, don’t follow 
it up too far. With the vague suggestion of the general idea in 
mind, let us return to the eight-hole scanning disc which we have 
been discussing. 

Scanning with a disc having only eight holes would not provide 
good television transmission. The photo-electric cell reacts to 
different intensities of light ; it doesn’t by itself analyse picture 
detail. If the whole of a picture were focused on it it would 
merely treat it as bright or dull light, not as an imtricate pattern 
of light shades and contrasts. You saw a little patch of picture 

through one of those square 
VERY LOW DEFINITION! holes in the eight-hole disc, 
at and that is, too, what is to 
~ be seen through a pin-hole in 
acard: the photo-electric cell 
would “ see’’ nothing but 
successive squares of different 
light values. Therefore, if 
pictures scanned only in cight 
strips or lines were trans- 
mitted, “‘lookers”’ would 
get nothing but extremely 
crude results on the style of 
Fig. 29. The new television 
Fig. 29~—-The kind of effect that would technique does not reckon 
occur tf a human face were scanned in only : ‘ 
eight lines that anything under 180 lines 
or so is good enough. For 
180-line scanning clearly, a disc having 180 small square holes 
in it is needed. Perhaps we should have said exceedingly small, 
because the dimensions of each hole must be no greater than the 
thickness of a “* line,” and the picture is divided into x80 lines. 

Floodlight and Spotlight Scanning. There are two ways in 

which this kind of scanning can be applied. The first is known 
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as ‘‘ floodlight ” scanning (Fig. 30). The person or scene to 
be televised is brightly illuminated by means of floodlights, and by 
means of a lens the picture is sharply focused on to the scanning 
disc so that it 

occupies a USING REFLECTED LIGHT 

position on it S2ZooDLIGHTS 

suited to the 


arrangement of Jo 

the scanning J / Uy o i 
holes—like we gy “¥y../_ LLETHIC CELL 
arranged the ad sees | = a ee _a 

picture behind - Soeees ; 

the disc in Fig. i: a o 

28,50 that the | ~ 
holes would SCUNMING : 
completely VSO 





scan it. Light 
passes to the AELLECTEO 


photo - electric LCus 7 

il th i Fig, 30— In the ‘‘ floodlight ’’ method of scanning the whole of 
ce TOUGi the objects or scene to be televised must be bathed in light 
one hole of the 


rotating disc at a time, and therefore the picture is transformed 
into a series of varying light values, which in their turn are 
changed into electrical fluctuations by the photo-electric cell. 

The disadvantage of this method is that the subjects to be tele- 
vised have to be bathed in very brilliant hight. In the early days 
of television, when the photo-electric cells were less sensitive than 
they are now, 


so much light SPOTLIGHT SCANNING 
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is focused on the back of the scanning disc in such a way that it 
can get through only one hole at a time. Again, refer to Fig. 2é 
_ and in your mind replace the picture by a rectangle of light. 

The spot of light is thrown on to the scene to be televised and is 
reflected from this in all directions, or rather, at all angles to the 
front of it. Banks of photo-electric cells are arranged to pick 
up this reflected light, which will vary in intensity as with different 
parts of the scene. It is fascinating to watch an artiste being 
scanned by spot-light methods. You know that what is actually 
happening is that one tiny pencil of light is being flashed over the 
scene and that, were the scanning disc to be stopped, all that you 
would see would be a mere pin’s-head of light relieving an otherwise 
complete black-out. And yet it seems as if the subject 1s luminated 
by a steady floodlighting, though it is rather dim. 

We are now in a position to summarise the whole process of the 
transmission of television. Fig. 32 will help to put it all in its 
right perspective. A powerful light is focused on to a revolving 
scanning disc, and the speed of this is kept absolutely constant 
at a rate which enables the complete picture to be scanned twenty- 
five times per second. There is one complete scanning for each 
single revolution of the disc so that it revolves twenty-five times 
per second. 

The varying light intensities reflected from the picture reach a 
bank of photo-electric cells; in some cases there may be more 
than one group of them, but as they are all electrically joined 
together they all act in unison as one large cell of several sections, 
as it were. The fluctuations of electrical energy developed by the 
cells are passed to an amplifier for magnification from which they 
go to the control desk or panel on which there are meters and 
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Fig. 32—This sketch summarises all the processes of a spot-light, disc-scanning 
television transmitting aystem aia 





TELEVISION TRANSMISSION * 81 


adjustment knobs under the observation and care of the engineers. 
Their next port of call is the ultra-short wave radio transmitter, 
and this is connected to special ultra-short wave aerial system 
which flings the pictures into space in the form of wireless waves. 
The Mirror Drum. The disc is a mechanical form of scanning, 
and there is an alternative, which has been widely used, known as 
the mirror 
drum (Fig 33). MIRROR DRUM SCANNING 
Instead of the 
disc with holes 
in it a drum 
having mirrors 
arranged 
around its 
edge is em- 
ployed. There 
are exactly as 
many mirrors 
as there are 
holes in a disc 
for the equiva- 
Jent definition 
ef scanning. 
Thus for 180- Fig. 33-—-Each successive mirror is tilted slightly more than the 
Jine work there one which precedes it, 90 that the light-spot is reflected over 


successive strips of the picture. The mirror is shown here 
would need to vertically scanning 


be 180 mirrors. 

A light is focused on to the drum so that it strikes only one 
mirror. Each successive mirror is tilted a little further than the 
Jast one and so, as the drum revolves, spotlight scanning is 
accomplished. It will be appreciated that for 180-line scanning 
the design and construction of a mirror drum is an optical task of 
some magnitude. 

There are several other mechanical methods of scanning: for 
example, there is the mirror-screw and, again, the oscillating mirror, 
and the principles of these are dealt with in the chapter covering 
mechanical systems of television picture reception. They have 
been used in transmission, but not to any great extent. The disc 
and mirror drum are the only methods of mechanical scanning 
to be found in modern television transmission. It is more than 
probable that these will in due course be displaced by electrical 
methods. The disc or drum is perfectly satisfactory for definitions 
up to two hundred and forty lines or so, but beyond that trans- 
mitting engineers believe that they will not he used. On several 
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scores it would seem most probable that future development will 
tend to be confined to the electrical systems. There are two of 
these at present either in use or being experimentally tested. _ 
Farnsworth’s Electron Camera. The Electron Camera 1s 
attributed to Farnsworth, an American inventor, though the 
principles on which it depends for its functioning were known for 
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OL. 
Fig. 34~—Ilustrating the principle of Farnsworth’s Electron Camera. On the right 
is shown how the electron image is moved in a scanning action relative to a small 
aperture which screens the anode 


some years previously. The Electron Camera employs a photo- 
electric cathode of similar properties to that found in the photo- 
electric cell (Fig 34). The picture to be televised is focused on to 
this cathode which emits electrons (particles of negative electricity), 
and which vary in number from point to point as with variations of 
the light values of the picture. By means of carefully arranged 
electrical “ guides’ the electrons are made to leave the cathode 
in straight lines, keeping a uniform pattern. Thus, if you took a 
cross-section of the whole mass of the cloud of electrons at any 
point away from the anode within the glass bulb, you would find 
that it represented an electron image of the picture just like the 
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cross-section of the rays leaving a cinema projector forms a light- 
ray image of the picture, although it could not be seen as such in 
its entirety unless it were first made to strike a screen. | 

The cathode of the Electron Camera is situated at the one end 
of a glass bulb from which the air has been extracted, and at the 
other end is the anode, and this is covered by a shielding screen 
in which there is a tiny hole. 

As we have said when the picture is focused on the cathode, 
electrons are released which fly towards the anode in a definitely 
regular formation—if they were light rays and the screen were 
an ordinary reflecting screen, you would see the picture on it. 
Situated outside the bulb are “‘ deflecting coils” which magnetically 
influence the electrons. Currents of electricity are passed through 
the coils so that the whole electron image is moved in a scanning 
motion, each part of the electron image in turn coming opposite 
the tiny hole in the screen. You can visualise the effect more 
clearly perhaps if you think of the electron image as stationary 
and the tiny hole scanning it, though it is exactly the reverse that 
happens. Through the tiny hole a few electrons pass, the exact 
number depending upon the light intensity represented by that 
part of the picture. 

Now, you know that an electric current is a flow of electrons, so 
if these electrons which escape through the tiny hole are com- 
municated to an external circuit the process of changing varying 
hght into fluctuating electnicity 1s complete. 

It should be mentioned, however, that the resulting currents are 
extremely small and considerable subsequent amplification is 
required, 

It was for this purpose that Farnsworth developed his “ Electron 
Multiplier,’ which is claimed to give up to a million-fold ampli- 
fication and over. The principle on which this works 1s simuar to 
a principle we have already become acquainted with in connection 
with the photo-electric cell. That is, the releasing of electrons by 
bombardment. In the Farnsworth’s Multiplier the principle is 
considerably extended. By applying suitable voltages to the 
anodes of a device rather like a double-ended photo-electric cell, 
the initially emitted electrons are made to release large secondary 
and even tertiary emissions, the process being controlled by means 
of the small currents arriving from the Electron Camera just as 
the small voltages fed into a valve used in a radio set control the 
considerably higher voltages occurring in the output circuit. 

The Electron Multiplier. The normal types of valve amplifier 
possess snags. Owing to what is known as the ‘‘ Shot ” effect there 
is a practical limit to the amount of amplification which can be 
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given to anything. The effect is the development of ‘‘ noises ”’ in 
a valve. These noises are very faint, so faint as to be negligible in 
any ordinary single valve amplifier. But when valve after valve 
has to be used in order to build up considerable amplification, then 
the noises develop as an interfering background like the harsh 
rustling of wind through the autumn trees. Obviously, if the 
initial energy to be amplified is as weak as the “ background noise "’ 
in the first valve, the background noise being amplified as much 
in succeeding valves and even added to by their own backgrounds, 
the interference finally will completely ruin the process. 

We have referred to “‘noise’’ because practically all readers 
will possess radio sets and will be able to comprehend the part 
which inherent background can play in spoiling results. It will be 
appreciated, therefore, that it isn’t “‘ noise’ until a loudspeaker is 
introduced to transform the clectrical fluctuations into sound 
waves. This isn’t done with the photo-electric cell used for telc- 
vision transmission. The electrical fluctuations remain as such 
through the transmitting chain and are made to create radio waves 
which in their turn are caused to generate electrical variations in a 
receiving equipment designed to build up the picture. 

The parasitic 


COMBINED IN ONE UNIT currents, togive 
b. es 
nen the " Shot 
SS (arse a ae ) Effect ’’ a more 


correctly de- 
scriptive name, 
render it 
necessary that 
the photo- 
electric cell or 
the electrical 
scanner should 
be able to de- 
velop a certain 
minimum cur- 
rent if clean 
television 
transmission is 
to be possible 
with the aid of 


aa 
valve ampli- 


OSCILLATOR fiers. The 
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devised more or less as a difect outcome of the fact that the 
Farnsworth Electron Camera has a very limited output, thus 
‘rendering it practically impossible to use a valve amplifier. 

An accompanying illustration (Fig. 35) shows how an Electron 
Multiplier and the Farnsworth Electron Camera (or Dissector as 
it is often styled) can be built into one compact unit. 

The anode of the ‘ Dissector ” is replaced by a second cathode 
‘which, of course, has the small hole in it. The anade is for the 
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Fig. 36—Zworykin’s Iconoscope, which is the system of electrical scanning employed 
by the Marconi-E.M.I. Television Co. 


purpose of adding velocity to the electrons which get through that 
tiny hole in the second cathode. It is fashioned in the shape of a 
ring and the tendency for the electrons to fly to it is reduced by 
ra provision round it of a solenoid which creates a strong magnetic 
field. 

So the electrons fly through and strike the third cathode, which 
is made of some such substance as caesium. A number of electrons 
is knocked off this, and an alternating current being applied to the 
second and third cathodes makes these electrons fly backwards 
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and forwards between them, knocking off more and more electrons, 
for the second cathode, too, is of caesium or some similar highly 
emissive substance. 

So the first few electrons which escaped into the Multiplier 
Section of the device through that tiny hole build up into a com- 
paratively large stream which bounces backwards and forwards 
between the second and third cathode, growing bigger and bigger 
with cach traverse of the Multiplier. 

There are two ways in which the process can end. A periodic 
quenching frequency can be applied so that the amplification 
periodically ceases. Alternatively, there will eventually be a drift 
of the electrons to the anode which will conclude the cycle of 
amplification. This drift can be controlled by varying the intensity 
of the guiding magnetic field set up by the solenoid. Tf this is 
increased the drift is retarded. Also the alternating current applied 
to the anodes can be increased or reduced to vary the drift 
accordingly. 

Thus it will be appreciated that the ‘ Multiplier’ is a flexible 
device. 

Zworykin’s Iconoscope. <A method of electrical scanning 
which has given very good results, and is being devcloped very 
actively, is Zworykin’s Iconoscope. This is illustrated in Figs. 36, 
37 and 38. The Iconoscope is rather like a distinctively shaped 
cathode-ray tube. In fact, it has at its one end most of the essential 
elements of one of these devices. For this reason and to prevent 
the necessity of going over the same ground twice, we would advise 

readers to skip the 


THOUSANDS OF CELLS following few para- 
SECTION OF graphs and return to 
ICONOSCORE SCREEN them after they have 

ey read those chapters 


dealing with = the 
OO PaaS SY Cathode-Ray Tube. 

eee LLECTRON STREAM = The glass bulb of 
the Iconoscope is, as 
you can see if you 
examine the sket- 


‘aa ches, shaped rather 

Fig. 37—The photo-electric screen of the Iconosco ‘milarl e ‘ 
consists of a compact mosaic of tiny photo-electric cells S!mUarly to a _wine 
flagon, and it is 
something of the dimensions of one of these objects; at least, the 
type which graces the sideboard in a dining-room and not the huge 
ones seen in pantomimes! In the narrow end are a cathode and the 
anode and shields for the production of a thin scanning stream of 
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electrons. But in place of the deflectors, deflecting coils are arranged 


At the other end is a screen composed of a mosaic of tiny photo- 
electric cells, 


There are tens NEUTRALISING THEIR CHARGES 

of thousands > 

of them, and / / 

they are made aspeae KY 

by depositi ease 

foc a — a A Lenr bays 


globules of 
caesium and 


silver on a : nee 

sheet of mica. rset yo STS SN 

The mica is we “ye LLECTRON STREAM 
backed by a E v4 

metal plate. : SVtinn- SULVELQ 

The picture to i OBLULES 

be scanned is Nea 


focused on to 
the screen, 


and each Fig. 38—The mosaic of cells is scanned by means of a stream 

inute photo of electrons which neutralises the charges of electricity formed in 
mimu -P t ~ them by the light rays from the picture which is being televised 
electric cell 


has an electric charge developed in it proportional to the light 
which shines on it. As these little cells are separated from a metal 
plate by means of an insulating material (the mica backing), 
each is in effect a small condenser, so that you now have a mosaic 
comprising thousands of small condensers, each holding an electric 
charge which will vary as with the intensity of the light which 
reaches it. The mosaic is scanned by the electron stream. This 
has the effect of neutralising the charge of each cell as it reaches 
it. The voltage changes so created are communicated to the 
external circuit. 

It should be noted that the one connection is provided by the 
metal plate and the other by a metallic lining to part of the bulb 
which acts as the electron “ return.’’ In other words, the electrons 
comprising the scanning stream return to the cathode via this 
metallic lining after they have accomplished their task. And in 
this way the circuit for setting up the potential variations is 
completed. 

The Intermediate Film Process. The Iconoscope has been 
used successfully for televising both indoor and outdoor scenes, 
and its employment will doubtless prove capable of extension. At 
present, however, out-of-doors scenes are largely transmitted with 
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the aid of the Intermediate Film Process. A talking film of the 
scene is first taken with an ordinary talkie camera, and when the 
film has been developed and fixed it is passed through a television 
transmitter and a “ sound head ” for taking off the sound. Rapid 
processing reduces the delay to a matter of minutes. 

There are two applications of the idea. In the one the film ts 
retained and this has the advantage that a permanent record is 
available of the event. In the other, a continuous belt of film is 
employed, the emulsion being washed off and renewed as it runs 
through the mechanism. In this system the film processing is 
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Fig. 39-—In this Intermediate Film Process a continuous band of film is used. Only 
about 30 seconds delay is occasioned by the developing, fixing, and drying of the film 
after it has been exposed and before it is ready for televising 


still further speeded up so that the delay is reduced to about thirty 
seconds or even less than that. 

Fig. 39 clearly illustrates the method. The film passes through 
an Emulsion Tank which coats the clear celluloid with sensitive 
emulsion. It then goes to the camera and the pictures and the 
sound track are impressed upon it. The exposed film then reaches 
developing and fixing tanks. The developing solution is kept at a 
much higher temperature than is usually employed by even press 
photographers for the developing and fixing have to take place in 
a few seconds. The solution is heated by means of electrical 
heaters, and, needless to say, the film emulsion is of a special 
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character for ordinary emulsions would melt in the nearly boiling 
solution. 

There is only a shght washing, for the film is not intended for a 
long life. After drying, the film is scanned and the sound taken 
off by a quite normal sound-head, and for details of these processes 
we can refer you to a later chapter in this book. 

Finally, the film traverses a washing tank which removes all 
the emulsion, pictures and sound track and all, leaving only clear 
celluloid. Then the whole chain of actions is begun again, in so 
far as that particular section of the celluloid strip is concerned, 
for while it was being developed and fixed the camera was at work 
taking other pictures, the scanning apparatus scanning pictures 
which had already been fixed and dried, and so on. It is, in fact, 
a completely continuous series of processes, and it is carried out 
by the one complete and fairly compact installation. ‘ Fairly ” 
complete and compact, you will note. It is sufficiently heavy to 
make its transport something of a problem in cases. In Berlin 
there is a van fitted up with Intermediate Film Process gear, and 
this van runs all about the city taking interesting shots, which 
are sent back to the transmitting station by means of an ultra- 
short wave radio link. But we have yet to see an outfit which 
could be transported by one or even two roving television camera 
men! Not that this is possible with any other system as yet. 
What can be done quite easily, however, is for a couple of men to 
collect talkie shots with a normal talkie equipment and rush these 
back to the transmitting station for quick processing and subsequent 
transmission by normal television methods. 

Synchronisation. And now for synchronisation. It is useless 
to send out television transmissions unaccompanied by something 
which will enable the looker to ensure that his apparatus scans 
in step with the scanning of the transmitter. 

There are several methods of ensuring this. One that has 
been used to a considerable extent is to introduce a black band 
along the one edge of the picture or scene to be televised. This 
results in an even distribution of electrical impulses that can be 
applied for synchronising the receiver. The drawback to this 
method is that black patches in the picture might confuse the 
synchronising apparatus. To overcome this, another system 
introduces an independently generated impulse which is much 
stronger than any of the impulses developed in the scanning of 
the picture. 

Separate Scanning Transmissions. A further idea is to 
send scanning impulses out on a third wavelength, the other two 
being used for vision and sound. These scanning impulses. are 
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picked up by the looker on a separate set and, after suitable 
amplification, applied to the deflectors of his cathode-ray tube. 
Thus there is no synchronising to be done at all at the receiving 
end. Asanextension of this principle, schemes have been suggested 
for combining scanning and vision transmissions on one wave- 
length, though it remains to be seen whether or not this ts a 
practical proposition. 

All the foregoing information regarding the transmission of 
television has been concerned with the general principle known as 
Intensity Modulation, This is simply explained. All that it 
means is that the strength of the electrical current variations, 
which are produced by the photo-electric’ cell and passed to the 
subsequent amplifiers and radio transmitter, correspond with the 
variations of light intensities which compose the picture. 

For a black patch, no current ; a white patch, maximum current, 
and intermediate current strengths for intermediate degrees of 
lighting. These current fluctuations are applied to the radio 
transmitter in the same way as are the currents obtained from a 
microphone due to the rises and falls of volume in a musical note. 

Velocity and Intensity Modulation. An alternative system, 
which has many possibilities, is known as Velocity Modulation. 
This necessitates the employment of a special electrical scanning 
process. The scanning is not an even movement of a light-spot 
or electron stream over the picture. The picture is covered in 
a series of strips as normally, but the speed of the scanning spot 
varies as with the intensity of the hght of the picture. It passes 
quickest over dark or dimly illuminated patches and slowest over 
the brightest patches. 

The scanning at the receiving end obeys a similar law. Clearly 
a point of light which flashes very quickly over, sav, a quarter of 
an inch of the receiving screen will not look as bright as one which 
spends three or four times the length of time to cover the same 
distance. And so the picture 1s built up by the spot covering the 
screcn in a series of faster and slower movements at the various 
points in order to convey the impression of a pattern corresponding 
with the televised picture. 

The Velocity Modulation system has been developed until it 
has become perfectly practical, and it possesses advantages of its 
own. It has been suggested that it would be worth while to 
combine Velocity and Intensity Modulation. You will read more 
about this in later chapters in the book. 

Interlaced Scanning. It has been found that flicker in 
television pictures can be reduced quite considerably by what is 
known as “Interlaced Scanning.” This is the scanning of the 
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picture in alternate lines. Imagine the picture to be divided up 
into definite strips—as indeed it is in the scanning process. 

Instead of scanning each successive strip, however, the picture 
is first scanned at every other strip or line, as if every other hole 
in an ordinary scanning disc were stopped up. The picture is then 
scanned again, but this time along only these lines which were 
missed out in the first scanning. And the process is repeated 
continuously. If the lines were numbered, interlaced scanning 
would mean that first the odds and then the evens were scanned. 
At the receiving end the effect in the ‘‘ looker ” has twice the number 
of pictures per second, and although each picture has only half 
its lines these are merged into full detail by the persistence of 
vision quality of the eye. 


Chapter 8 


A SIMPLE TELEVISION RECEIVER 


THE DISC-TYPE VIEWER-——SUITABLE LAYOUTS—-REFINE- 

MENTS-——-THE FIRST PICTURE—-FAULTS (NEGATIVE IMAGE, 

OUT OF PHASE, OUT OF FRAME)-—MOTOR SPEED-—-UNSTEADY 

PICTURES-—-DISTORTION IN THE AMPLIFIER--CONTROL OF 

BRILLIANCE -——- WHITE-LIGHT LAMPS --- IMPROVING THE 

PICTURE---PROJECTING THE PICTURE—-FAULTS IN THE 
SCANNING DISC, 


From the very earhest days of low definition television, the 
disc-type viewer has been, without a doubt, the most popular. 
Its chief merits are extreme simplicity and cheapness, while its 
only drawback, compared with other systems, is the fact that 
the image is somewhat restricted in size. 

The reader, no doubt, understands the principle of the scanning 
disc by now, and it is proposed, in this chapter, to deal chiefly 
with the practical points arising from the construction of a complete 
Viewer. 

Let us examine, first, the requirements. The simplest form of 
viewer incorporates the following components: the disc itself; 
a motor to drive it at the requisite speed; a variable resistance 
for fine control of that speed; and a source of modulated light 
to place behind the disc. 

Suitable Layouts. Fig. 4o shows a convenient layout of these, 
parts. Indeed, this more or less scttles itself, since the neon 
lamp (or whatever type is used) must be placed behind the disc 
at the right-hand extremity of a diameter. The control resistance 
has been divided into two; the greater part of it consists of the 
fixed tapped resistance R1, making it possible for R2 to be given 
a much lower value. This, of course, makes for easier control 
of speed. 

The disc is shown mounted directly on the motor shaft. Some 
types of disc viewers employ an indirect drive, which does possess 
certain advantages, but does not, in any way, affect the basic 
principles. 
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The neon lamp is connected suitably to the output circuit of 
the television receiver, and varies with the modulation of the 
incoming signal. The whole business of the revolving disc is te 
divide the pic- 


ture area 12} A GOOD LAYOUT 
times per 
second into WNEON 728E 





30 vertical 
strips, these 
being the 
figures em - 
ployed for the 
low definition 
television ser- 
vice which is 
still, at the 
time of writ- 
ing, being 
maintained on 
an experi- 
mental basis. 
One can 
understand 
this operation 
better by 


means of a : ig. 40-—-A complete disc-viewer will generally be laid out on the 
‘ ‘ ines suggested in this diagram. Note especially the position in 
simple experi- which the neon tube must be placed 


ment than by 

reading many bovks on the subject. Illuminate the tube, and 
rotate the disc slowly in an anti-clockwise direction. <A spot of 
light will be seen to move upwards, and at the precise moment at 
which it reaches the top edge of the picture aperture, the next 
spot, slightly to the left of the first, will appear at the bottom. 

Switch on the moter, and watch the light-spot as the disc gains 
speed. It will turn into a vertical streak, which will be followed 
by other vertical streaks running parallel with the first. Thanks 
to persistence of vision, when the full speed is reached, the thirty 
streaks thus produced will give the effect of a rectangle of light. 

If some form of modulation is now imposed upon the glowing 
neon lamp, various patterns will be observed by looking at it 
through the revolving disc; and if the modulation corresponds to 
a thirty-line television image, then a picture will be seen. Probably 
it will not, at the first attempt, be recognised as a picture, but 
that doesn’t enter into the story at this stage | 
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Refinements. First, let us deal with the various refinements 
that may be introduced into the rather primitive viewer that 
has been described. The actual size of the image is determined 
by the spacing of the holes in the scanning disc. The distance, 
circumferentially, between any two adjacent holes may be regarded 
as the height, while the dis- 
tance between the first and 
thirtieth holes, measured along 
the diameter of the disc, forms 
the width. 

The average 16 in. disc 
gives, roughly, a breadth of 
§ in. and a height of 1} in. 
For the purpose of cutting off 
the unwanted “leakage” 
light from the tube, a mask 
of opaque material, with a 
hole of that size cut in it, may 
be placed immediately behind 
the disc. In front of it, to 
make viewing 4 more com- 
fortable matter, we may intro- 
duce either a plain convex lens 
or some form of viewing 

at tunnel. The latter will probably 
Fig, 41 A welvdesigned viewing tunnel consist of one or two lenses 

picture aperture mounted in a frame, with an 
opaque frame of suitable shape 
extending forwards (Fig. 41). Several types are marketed complete. 

The whole viewer may conveniently be enclosed in a cabinet. 
If synchronising apparatus of the phonic-wheel type is also incor- 
porated (and it is a very desirable refinement) it will be mounted 
on the same spindle as the disc itself. The controls on the front 
panel will then be the variable resistance for controlling motor 
speed, and the “ framing "’ adjustment of tle synchronising gear, 
which is some convenient means of moving the pole-pieces slightly 
with relation to the teeth of the rotating wheel. 

The First Picture. We will now assume that the viewer 
itself is complete; that the neon lamp is suitably connected with 
the receiver; and that a transmission is just about to commence. 
Sound, of course, must be looked after by a separate receiver, 
but we will assume, for the time being, that the vision receiver is 
a good one, selective enough to receive our station clear of inter- 
ference, and giving good reproduction both of bass and “ top.” 


FOR EASIER VIEWING 
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The first thing we shall see in our viewer will almost certainly 
be a meaningless collection of vertical streaks, with diagonal bars 
moving rapidly across the picture aperture. Our motor is not 
revolving at the right speed, and until it is, it is naturally impossible 
to obtain a steady picture. The disc must revolve at exactly 750 
revolutions per minute, and we must carefully adjust the variable 
resistance until the movement of the picture slows down and 
eventually ceases. 

Most scanning discs are pro- 
vided with a stroboscopic device 
consisting of eight radial lines 
painted white. When viewed in i nhl 


OUT OF PHASE 


the light of a neon tube or an u 
ordinary bulb running from 50- 

cycle A.C., these lines will appear 
to be stationary when the correct 
speed is reached. 

If the disc runs too fast, the 
pictures will move rapidly up- 
wards ; if too slowly, they will 
move downwards ; and when we 
arrive at a point that is some- 
where near the correct speed, we 
shall be able to spot each sepa- 
rate picture as it appears to pass 


‘ arde ‘Ou results from the scanning being out of 
upwards or downwards through Ghose although the meter a cunning 
the scanning aperture. at the correct speed 


Faults. The odds are about 
thirty to one that the first intelligible picture we shall obtain will 
look like Fig. 42—due to a condition known as “ out of phase.” 
The very principle of disc scanning implies that our own disc shall 
be moving in perfect synchronism with the rotating disc (or 
mirror drum) at the transmitting end. In other words, as the 
B.B.C.’s light-spot starts at the right-hand bottom corner for its 
upward sweep, ours must likewise start at the same place. 

In the case of Fig. 42, our light-spot is starting at the bottom 
of the picture, but not on the right scanning-line. Hence we have 
the picture in two sections, like a photograph that has been cut 
through vertically and been re-assembled the wrong way round. 

Out of Phase. To merge the two halves into an intelligible 
whole, we must either increase or decrease the speed of the motor 
very slightly. This will cause the picture to “drift” upwards 
or downwards, and with each successive picture that passes the 
aperture, the dividing line will move by one scannine-line to the 
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right or left until it eventually reaches its proper place at the 
extreme edge of the picture, which will then look like Fig. 43. 
There is another point, however, which may be wrong still. 


IN PH ies 


K\ 


i 






\ 
= 


Ih 


Fig 43-—-A slight alteration of motor 
speed will cause the picture in Fig. 42 to 
‘drift ’’ vertically until the division 
reaches one side of the picture, as above 


We may obtain a “ negative 
image.” All the “blacks” are 
reproduced as “ whites,” and vtce 
versa, exactly as in a_ photo- 
gtaphic negative. 

Negative Image. This is easily 
corrected in most cases. If there 
is a transformer-couple stage in 
the receiver, it is only necessary 
to reverse the connections to one 
of the windings of the transformer 
—either primary or secondary. 

If an output transformer is in 
use, the easiest thing to do is 
simply to reverse the connec- 
tions to the secondary (output) 
winding. If no transformers are 
used at all, things are a Iittle 
more difhcult. The necessary 
phase change may be introduced 
into a resistance-coupled amplifier 


by adding (or subtracting) a stage of L.F., or by changing the 


method otf detection. 


For example, suppose we have a receiver with an H.F. stage, 
leaky-grid detector, and two R.C. stages. Should this give a 


negative image, we 


must either change the CORRECTION FOR NEGATIVES 


detector over to 
anode-bend, or add a 
third stage of resist- 
ance-coupled L.F. The 
use Of a 1:1 output 
transformer, however, 
is strongly recom- 
mended, and a change- 
over switch may be 
provided for the 
secondary connections, 
sothat anegativeimage 
can be instantaneously 


= A+ 





Fig. 44——An easy scheme for the correction of negative 
44) , images by means of a double-pole, double-throw switch 
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MISS JOSEPHINE BAKER, THE FAMOUS AMERICAN COLOURED 

ACTRESS, DURING HER SUCCESSFUL B.BC. TELEVISION BROAD- 

CAST. NOTE THE PHOTO-CELL UNIT ON THE LEFT AND THE 
MICROPHONE ON THEE RIGHT 
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Plate 16 


RIKING MAKE-UP DESIGNED FOR TOW DEFINITION TRANSMISSION 


LAURIE DEVINE IN A ST 


THE INVENTOR OF THE ICONOSCOPE 
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DR. VLADIMIR ZWORYKIN, INVENTOR OF THE ICONOSCOPE, 
WITH A NEW TYPE OF CATHODE-RAY TUBE FOR RECEPTION, 
WHICH HE HAS DEVISED 
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A MIRROR-SCREW MECHANICAL VIEWER FOR HIGH-D EFINITION 
RECEPTION MADE BY A GEKMAN FIRM 
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THE CONTROL PANEL OF THE TELEVISION EQUIPMENT AT 
BERLIN. TRANSMISSION IS ON ULTRA-SHORT WAVES FROM 
THE WITZLEBEN STATION 
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AN INDICATION OF THE INTENSELY BRIGHT FLOOD-LIGHTINC 

NECESSARY IN THE EARLIER DAYS OF TELEVISION 1S PROVIDED 

BY THIS PHOTO OF BAIRD HIMSELF BEING TELEVISED BY ONE 
OF HIS FIRST TRANSMITTERS 
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The former is purely a mechanical trouble, the latter 

radio. Drifting pictures, obviously, can only be caused 

by variations of motor speed. These may be due to a fluctuat- 

ing mains voltage, a bad motor, a dirty commutator, or brushes 
that need renewing. 

Unsteady Pictures. Synchronising gear, however, should hold 
the picture steady against all small variations, if the motor speed 
is very carefully adjusted. One needs to develop a very delicate 
touch on the motor control rheostat, and to avoid sudden or 
violent movements. The knack of controlling speed within the 
fine limits necessary is only acquired by practice. 

Distortion of the picture 

AN ESSENTIAL CONTROL may take several different 
AAT + forms. A marked lack of bass- 
shad response in the amplifier will 
seas result in a picture that is lack- 

MAT + 400v ing in detail, and one that may 

Hae MERWE) aye white ‘ shadows” above 

all the dark parts. If an artiste 

with dark hair appears to have 

(WNéonw a vague kind of white hat 

LAMA perched on the top of his head, 

and reaching to the top edge of 

the picture, loss of bass may be 

Pd 25000 OM assumed to be the trouble. 

/ Ste WouNvo Distortion. On the other 

hand, an excess of “ top” will 

result in an accentuation of all 

iy rk say Some ‘the lire contrasts, together with heavy 

dark lines above any horizontal 

‘still essential = == =——lines in the subject being tele- 

vised. A kind of black border 

just above an artiste’s lips, eyebrows, shoulders, etc., will be 
noticed. 

Overloading of the amplifier, or over-modulation of the neon 
tube, will produce similar effects with much greater severity. All 
contrasts will be very greatly exaggerated. 

Control of Brilliance. At this point, it is as well to mention 
that a control of brilliance should be available. When a neon 
tube is used, we should be able te control the steady voltage applied 
to it, so that it can be set at the value which best suits the strength 
of the incoming picture signals. Fig. 47 shows a suggested output 
circuit, using a 1:x transformer and a variable resistance to 
control the brilliance of the picture. 
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White-light Lamps. It is not cssential to use a neon tubc. 
Several types of lamps giving a whiter and more intense light have 
been developed, among them being the White-Line Lamp (intended 
originally for mirror-screw work) and the T.I. Lamp, for projecting 
pictures through a disc on to a screen. 

These types can also be used for direct viewing, but they all 
need a rather greater striking 
voltage than the neon tube. FOR BRIGHTER PICTURES 
The alternative supply (400 
volts) shown in Fig. 47 1s in- 76 af NMepcvray é 
tended for use with these fewmne Psocen 
Jamps, and is unnecessary if silos 
a neon tube is used, the 
receiver H.T. being sufficient 
for that type of tube. 

The other lamps have, as a cENS 
rule, a much smaller area than Concsva 
that of the glowing plate of clades 
ieneon se ane ess rAENY Fig. 48-—-The use of a mercury lamp with 
cannot be viewed dir ectly a mirror, lens, and ground glass screen will 
without the addition ofa lens . — 
and a ground-glass screen, ~~ tube 
placed behind the disc, as in 
Fig. 48. The addition of a small concave mirror behind the lamp 
will improve matters stil further. 

Improving the Picture. Really brilliant pictures can be 
obtained by the use of these lamps, and may be viewed in daylight 
or with the room hghting switched on. 

Since a higher voltage is applied to them, it follows that a stronger 
picture signal will also be required to obtain really full modulation. 
The average two- or three-stage amplifier, with a large power-valve 
for the output, will usually give all the necessary variation of 
voltage. It simply means that the full output of the receiver can 
be used, whereas it will generally have to be reduced considerably 
when a neon tube is in use. 

Incidentally, it is as well to mention that the White-Line and 
T.1. lamps operate at quite a high temperature, and that ventila- 
tion should be arranged for them. Working in the open, they will 
be quite safe, but if they are boxed in it is essential that an opening 
should be left above them or things may become unpleasantly 
warm, 

Projecting the Picture. An interesting development of direct 
viewing through a disc is the “ projection” method of receiving 
pictures. A lamp like the “ T.I.” giving a small point of intensely 
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brilliant light makes it a fairly easy matter. Fig. 49 
of the systems commonly employed. : 

Behind the lamp is placed a concave mirror (A), and between 
the lamp and 
the disc is 

PROJECTING IMAGES ait erdindey 


convex lens 


rl asc 
. £ LAMP a 
Ps | : 
~~ c te ALA By. The 
Pe a | sjoint = effect 
Pe \ of these is to 
~ SYNNING 
RT CME. 


provide a 

brilliant 

circle of hight 

; . of sufficient 

the Coapmation ef lenses shown above, The whole assembly i size to cover 

usually placed in a cabinet to avoid loss of light the scanning 
aperture. 

In front of the disc is a small projector-combination (C), and 
finally a pair of large lenses (D and £), giving a large image on the 
ground-glass screen (F). 

With certain combinations of lenses the image may be inverted, 
but this involves no trouble, since we simply use the “ wrong side ”’ 
of the scanning disc, and project an inverted image so that it resumes 
its normal position when viewed on the screen. 

The whole assembly of lenses, together with a “ viewing- 
cabinet,” is sold in kit form, and is claimed to give results that do 
not fall far short of those obtained with a mirror-drum projector. 

Faults in the Scanning Disc. Before closing this chapter 
it would be as well to remark upon a few faults that can arise from 
the scanning disc itself. These have purposely been omitted, as 
being purely mechanical, but the television enthusiast must know 
what to Jook for, in case the disc he uses happens to be a poor 
specimen. 

The holes cut in the modern disc are square, and are set at angles 
of 12 degrees to each other round the circumference of the disc. 
Each hole is off-set from its neighbours by an amount equal to its 
diameter. 

An incorrectly-punched hole therefore has two opportunities of 
going wrong. It may be displaced from its correct position either 
angularly or laterally, 

Lateral displacement is the more obvious to the eye, since it 
results in light or dark vertical streaks in the picture, according to 
whether the adjacent holes suffer from overlap or “ underlap.” 
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Angular displacement will result in one or more of the scanning- 
lines being out of place in a vertical direction. If the black syn- 
chronising bar at the top or bottom of the picture appears to have 
a very jagged edge, then a certain amount of angular error is 
present. 

The modern scanning disc, however, is an extremely accurately 
made piece of work, and these faults are not often encountered. 

High definition television is being covered in other chapters, 
but it seems appropriate to mention here that discs for 180 and 
240 lines have already been developed, and that an understanding 
of the projection method outlined above will be extremely useful 
to the reader. 

Direct viewing will be out of the question, owing to the minute 
size of the picture, but projected pictures through a disc promise 
to be within the sphere of practical politics. 

L.H.T. 


Chapter 9 


SYNCHRONISING A MECHANICAL VIEWER 


GENERAL REQUIREMENTS-—-THE BAIRD TOOTHED WHEEL~— 

SUITABLE CIRCUITS-—-USE OF 50-CYCLE MAINS-~EMPLOYING 

SYNCHRONOUS MOTORS--HOW SYNCHRONOUS MOTORS WORK 

-—EARLY SYNCHRONISING SCHEMES-—-CONTROLLING LOCAL 

GENERATORS —- A THYRATRON SCHEME —— INTERESTING 

METHODS——-MODULATION EFFECTS—-HOW MECHANICAL 
SYSTEMS SCORE. 


In dealing with methods of synchronising a mechanical television 
viewer, we need be very little concerned with the method by which 
the synchronising pulses are obtained at the transmitter. With 
practically all modern systems these pulses are superimposed on 
the actual picture modulations. 

The pulses may never be greater than the maximum picture 
modulation or, on the other hand, they may rise considerably 
above it. Also it is possible they may be transmitted separately 
on a separate channel. This was the case with most of the earlier 
systems of synchronising. 

The word synchronising as applied to television covers two factors. 
Synchronism indicates that not only is the spot of light at the 
receiver always simultaneously on exactly the same point of the 
picture as the spot of light at the transmitter, but the scanning, 
apparatus at the receiver is also moving at the identical speed of 
that at the transmitter. . 

However, so long as we have isochronism, namely, running at 
the same speed, it is a simple matter with nearly all mechanical 
systems to adjust for synchronism. This, as explained in the 
preceding chapter, is normally obtained by temporarily varying 
the speed of the motor, or altering the framing by, for instance, 
moving the relative position of the synchronising gear. 

As a general rule it may be taken that all of the schemes discussed 
in this chapter may be applied to any viewer which has a rotating 
device of some sort or the other for scanning purposes. The real 
object of our synchronising is to see that the revolving device at 
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the receiver runs at exactly the same speed as that at the trans- 
mitter, and varies its speed exactly in accordance as well. 

Small variations are bound to take place, and their importance 
is immediately obvious when it is stated that for satisfactory 
television work it is necessary to have an accuracy somewhere in 
the region of one part in seven million. 

The Baird Toothed Wheel. First of all we will describe the 
toothed-wheel type of synchroniser that is used with the disc type 
of viewer described in the previous chapter. We shall deal with 
it as applied to 30-line working, but it must be appreciated that it 
could equally well be used with higher-definition working. 

It is an important principle, and a good understanding of it helps 
the grasping of mechanical synchronising in general. 


FOR SYNCHRONISING MECHANICAL VIEWERS 





Fig. 50—-The synchronising current pulses are fed through the coils C and magnetise 
the poles B, and keep the toothed iron-wheel A rotating at the correct speed 
Since there are 124 pictures per second, each with 30 lines, the 

frequency of the svnchronising pulses will be 375 per second. There 

will be a strong pulse of current available this number of times 
per second. How are we to make them hold the speed of the 
scanning disc constant ? 

It is achieved by means of the apparatus illustrated in Fig. 50. 
The wheel A is made up of iron laminations and is attached to the 
spindle of the disc. Not, it should be noted, the motor spindle, 
unless the disc is directly driven. 

On exactly opposite sides of this wheel are two pole pieces of 
soft iron, B. These are yoked together and each carries a winding 
of insulated wire, C. 

Through these coils, which are joined together, are passed the 
synchronising pulses. The pole pieces thus become magnetic for 
a fractional period 375 times a second. 
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The wheel A has 30 teeth on it. Therefore, supposing the disc 
to be running exactly at the right speed, one of these 30 teeth will 
be exactly opposite each pole piece B, 375 times a second. 

Now look at Fig. 51. This is a close-up of one pole B and two. 
teeth. The distance between the teeth, incidentally, is greater than 

the width of each tooth, and 

HOW IT WORKS the gap between the teeth and 

: the pole pieces should be as 

small as mechanical considera- 
tions will permit. 

When the speed is just 
right, the magnetic pull from 
the pole pieces on the teeth 
will have no effect on the 
disc speed. But suppose the 
disc is running slightly slow, 
and the teeth are in the posi- 
tion indicated in Fig. 51 when 
ae, the synchronising” pulse’ 
Fig. 51—This diagram helps to explain how yauty oe ig nh The 

1 pulsating currents in coils of the effect wi or tooth “a” 

ls og eae t= of the to be attracted to the pole 

piece, and over a number of 

teeth this produces a quickening up of the disc speed until it is 
exactly right. 

Similarly, if the disc is running too fast, the pole piece will tend 
to hold back the teeth as they 
try to pass away fromit. The THE SIMPLEST SCHEME 
result will be a slowing down 
of the disc until the right speed 
is attained. Naturally, every 
attempt should be made to get 
the disc running as near the 
correct speed, or just a fraction 
faster, as is possible. Otherwise 
the synchronising device will 
have too much work to do and 
will never succeed in speeding 
up or slowing down the disc 
sufficiently. 

Suitable Circuits. The 
simplest connections for the Fig. s2~-The simplest circuit for applying 


synchronising device areshown @ toothed-wheel sy nehroninser to a 


in Fig. 52. It will be seen chanical viewer which employs @ neon 
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that it is directly in series with the neon tube being supplied by 
the samme output valve. It is worth mentioning here that the two 
coils on the synchroniser must be joined together a certain way. 

When working properly, one pole is north and the other south, 
magnetically. If the coils are joined together wrongly, their 
magnetising effects | 
will oppose one an- DIVIDED OUTPUT 
other, and there will 
be little, if any, attrac- 
tion at the poles. The 
best way to test for 
correct connection in 
practice is to try both 
ways, and note which 
provides the strongest . 
magnetic effect. 

With reference to 
Fig. 52 it should be 
noted that the syn- 
chronising windings 
are by-passed by a 
fixed condenser of .o1 
mfd. This is to prevent 


the inductance of the om cetacean 4 
, weer ig. 53-—In this circuit a separate valve is used to 

coils affecting the feed the synchroniser, Note that the by-pass condenser 

modulation through of Fig. 52 is not necessary in this case 


the tube. It also keeps 

most of the modulation frequencies out of the synchroniser coils, 
although this is of little importance. Only certain modulation 
variations are likely to affect the synchronising, and this point is 
dealt with later in this chapter. 

A preferable scheme of connections is to separate the outputs of 
picture modulations and synchronising impulses as in Fig. 53. 
In this circuit it is permissible to obtain stronger synchronising 
pulses by using a steeper slope valve with a smaller grid-swing 
for the ‘‘ lower "” valve as it has only to handle a frequency of 375, 
and also there is little harm in its being overloaded somewhat. 

When the output is split this way, it is possible to add extra 
amplification to the synchronising pulses. This is really desirable 
for very steady pictures without swing. | 

About 2 to 4 watts output is the figure to aim at for good syn- 
chronising, and a special transformer that peaks sharply at 375 
cycles per second is a great help. It would be connected up as in 


Fie -- . 
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Use of 50-Cycle Mains. Since 50-cycle mains are more or 
less standardised in this country, a certain amount of experiment 
has been carried out in their use as an aid to synchronising. And 
for this purpose an 8-toothed wheel, working with magnetised 
pole pieces in the same way as the 30-toothed wheel, has been 
developed. 

First of all Jet us consider why 8 teeth are used. The toothed 
wheel is arranged on the disc spindle in this case as before, and 
therefore revolves at 124 times per second. 

It will thus be seen that a tooth passcs each pole piece 100 times 


OBTAINING STRONG SYNCHRONISATION 
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Fig. 54——Steadier pictures can often be obtained by employing an amplifying stage 


in the synchroniser circuit. A coupling transformer tuned to the synchronising 
frequency assists in obtaining a high step-up for the amplifying stage 


per second. This is obtained, of course, by multiplying 8 by 12}. 
Consequently, all we need to hold the speed constant at 375 
revolutions per second is to magnetise strongly the pole pieces 
106 times per second also. 

This is what our 50-cycle current from the mains, passing through 
the magnet windings, achieves. It must be remembered that a 
cycle of current consists of a rise from zero to a maximum, followed 
by a fall to zero again, and then another rise to maximum in the 
opposite direction, followed again by a fall to zero. Thus our 
50-cycle mains give us 100 pulls per second, since it is immaterial, 
from a magnetic point of view, in which way the current is flowing. 
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The great advantage of the 8-toothed wheel is that it can be 
supplied with as powerful a current as we desire, because the 
source of its power is the mains supply. But it does not enable us 
to dispense with the normal synchroniser entirely, as we shall see 
in the next paragraphs. 

Employing Synchronous Motors. A synchronous motor is 
one which is designed to run at a predetermined fixedspeed. It is 
also designed to work on one particular frequency of alternating 
current, and on such a current will revolve only at the pre- 
determined speed. Of course, if a current of a different frequency 
were applied to it, it would still work, but at an unwanted speed, 
and only at that unwanted speed. 

Synchronous motors are quite common on A.C. radiograms. 
They are designed to revolve at 78 revolutions per minute, the 
correct speed for record reproduction, and are usually for use on 
50-cycle mains. 

On first consideration it would appear that such motors are ideal 
for television work since 50-cycle mains are so common, and that 
with them no synchronising signals need be transmitted. But 
there is a ‘‘ snag.’’ And it applies also to the 8-toothed synchronis- 
ing wheel we have just described. 

It will be remembered that at the beginning of this chapter we 
mentioned that the receiving scanner must be able to vary exactly 
in accordance with the slight variations that are bound to take 
place at the transmitting end. Even with transmitter and receiver 
both working on §0-cycle time-controlled mains the variations 
between them would be too great for satisfactory television working. 

The variations over several months would be so small as to be 
immaterial, as witness the great accuracy of electrical time clocks. 
It is the momentary variations that we are up against. And even 
with transmitter and receiver working on the same mains supply, 
it has been proved in America, where much work has been done on 
these lines, that unavoidable variations between transmitter and 
receiver can take place. 

At the same time the use of synchronous motors enables the 
speed to be kept so nearly right that. they are a great aid to syn- 
chronising, and for this reason are almost bound to be found on 
mechanical systems of the future. 

How Synchronous Motors Work. In view of their great value 
to television work, we will go into the question of how synchronous 
motors work. Their principle is quite simple. 

Actually their basic idea is almost the same as that of the toothed- 
wheel synchroniser. The main difference being that they provide 
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increased the power of the synchronising pulses supplied to a toothed- 
wheel device sufficiently, they would actually keep the disc revolving 
once it had been started. And that gives us the simplest of 
synchronous motors, commonly known as a phonic wheel. 
Fig. 55 shows the 
AN IMPORTANT PRINCIPLE practical arrangement 
c of a simple syn- 
chronous motor. It 
has a four-pole 
armature and is not 
sel{-starting. The 
A.C. current passing 
through the field 
winding magnctises 
the poles X and Y. 
These attract the 
armature poles A and 
B, and there things 
rest unless the motor 
is started in the direc- 
tion of the arrow by 


Fig 55-—This is the simplest form of a synchronous Vi : 
motor, a device which works on A.C. and willenty 6'VI76 the armature a 
revolve at one predetermined speed spm. 


The sequence of 
events when the armature is under way is illustrated by Fig. 56. 
When the current is at a maximum the armature poles are opposite 
the field poles. But the momentum from the starting swing carries 
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Fig. 56—Ezplaining what takes place in the motor of Fig. during the of 
one complete cycle of A.C. Note that the rotor eviieed 3S actly half a ebay 
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them past as the current decreases, until the second position is 
attained when the current is zero. 

When the current increases the field poles attract the next two 
armature poles which are moving towards them, reaching the third 
position at maximum current in the opposite direction. At zero 
current at the end of the cycle the poles are as at four, ready for 
the next cycle. 

This motor would 
do 25 revolutions A PRACTICAL BREANGEMENE 
per second on 50- Peete 
cycle mains. By 
arranging the num- 
ber of poles on the 
armature to a suit- 
able number in 
relation to the 
frequency of the As pe 
mains, any number Fig. s57—In practice the eld poles of a synchronous 
of revolutions per moter usually cover several of the poles on the armature 

, or rotor, as illustrated by this diagram 
minute can be 
obtained. 

Sometimes the poles are arranged as in Fig. 57, and it is 
possible to make the motor self-starting by special arrangements. 





EXPLAINING THE TUNING-FORK SYNCHRONISER 
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Fig. 58—-This is a method of eeceretin pulses of a fixed frequency determined by 
the period of vibration of the tuning fo ork. D.C. current is supplied to the terminals 
kut the contact breaker keeps it interrupted 
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‘On elaborate synchronous motors the field winding may be run 
on D.C., the A.C. being fed to windings on the armature. But the 
principle remains the same. : 

Early Synchronising. Schemes. In original experiments in 
television, synchronising was given little attention, motors being 
either directly connected, or a separate channel being used to 
transmit a motor-control pulse. But as the possibilities of television 
service advanced, the undesirability of a separate channel focused 
attention on synchronising systems. 

Dr. Karolus used an electrically driven tuning fork to previde 
current for a synchronous motor at the transmitter, and a similar 
tuning fork at the receiver. But the system, apart from being very 
expensive, did not prove sufficiently accurate. 

The principle of the electrically driven tuning fork, however, is 
interesting, and is illustrated by Fig. 58. When the magnet 
attracts the fork the circuit is broken and the fork returns to its 
original position, turning on the current again. The fork is thus 
kept vibrating at its natural frequency. 

Another system which proved more effective was to govern a 
synchronous motor by means of a local crystal-controlled valve 
oscillator. 

But on the whole httle success has been achieved without a 
transmitted synchronising signal. 

Controlling Local Generators. When a separate channel was 
employed for the synchronising signal, either of the two systems 
just mentioned were perfectly satisfactory, a constant frequency 
being transmitted and used to control the local generators. The 
usual method of control was to drive a separate small synchronous 
motor by means of the received constant frequencies. 

But the need of a separate channel was a big drawback, and led 
to the development of the superimposed synchronising signal. 
This, of course, could be employed in a similar way to control the 
locally generated currents. 

But, as.already explained, we now have standardised mains to 
drive synchronous motors, and these require but slight correction 
to ensure absolute synchronism. 

A Thyratron Scheme. While dealing with locally produced 
constant frequencies, controlled by synchronising pulses, there is 
a similar scheme that has been used with ordinary disc viewers 
that is worthy of note. <A tip has been taken from the time-base 
circuits of the cathode-ray experimenters, which are fully dealt 
with in later chapters. 

The scheme is best followed from the circuit of Fig. 59. A 
Thyratron or other gas-discharge tube is connected so that it 
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Lit 


discharges a condenser at 375 times a second, or rather, just under 


this figure. 


The synchronising pulses are then fed to the grid, and these keep 


the circuit working at the right 
speed, The synchronising 
pulses in this case do electrically 
exactly what they do 
mechanically in the case of the 
toothed wheel. 

If the tube is late flashing 
over, they oppose the bias 
voltage and cause the tube to 
discharge the condenser earlier, 
thus speeding up working. 

Interesting Methods. 
Mihaly suggested a method of 
super-imposing the synchronis- 
ing signal on the vision channel 
before the present black bar 
idea was introduced, which 
consisted of short-circuiting 
the photo-electric cell six times 
per revolution of the scanning 
disc. This was achieved by 


A MODERN METHOD 
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Fig. s9—Locally produced synchronising 

currents, controlled by the synchronising 

signal, may be produced by the aid of a 

gas-discharge tube connected up in the 
above matiner 


means of a commutator attached to the disc shaft. 

The arrangement at the receiver was to be on the lines suggested 
in Fig. 60. The pulses are amplified up until they are 
sufficiently strong to control a six-point phonic wheel. 


Fig. 61 shows the 
Baird method used 
before the introduction 


of the toothed wheel. Neon Tue , ta 


The commutator is on 
the disc shaft, and so 
long as it is revolving 


at the right speed, the Acewer 


two brushes are always 
on the same segment 
during one complete 
picture line. 

If the speed varies, 
the brushes get on to 


AN EARLY IDEA 
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different segments, the Fig. 60~—This simple six-poled synchroniser may | 


relay ceases to be “™ 


as the forerunner of the modern to 
whee 
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shorted, and current passes through it, the resistance in the 
field winding is shorted and the heavier field current causes the 
motor to slow. At the change over from one line to another, 


FOR LOCAL CONTROL 
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Fig. 61—No synchronising pulses had to be transmitted 

With this early arrangement for keeping the speed of 
the receiver motor approximately correct 


when the brushes are 
bound to be on 
different segments, 
there is no current 
flowing in the output 
circuit due to the 
presence of the black 
band. Thus the speed 
is not upset during 
normal changes from 
one segment to an- 
other. With this 
scheme the motor is 
run slightly faster 
than the desired 
speed. 
Modulation 
Effects. With simple 


synchronising systems in which the synchronising signals are equal 
only to maximum pic- FILTERING THE PULSES 


ture modulation, there 
is always a danger that 
a black part of the 
picture near the top 
may run into the black 
band and be “ mis- 
taken’ by the syn- 
chroniser for the syn- 


chronising signal. LAS wee 


The use of a local of 
gas-discharge tube as 


already described, or @OUMA7ION) 


apeak-tuned = trans- Smines 
former, tend to avoid ai 
this possibility. But 
television workers C ae 
have devised ways of Swcweonisina 
overcoming it. Fig. 62-—-To prevent 
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maximum modulation for the picture, and to cut out all the picture 
modulation by means of a valve so biased that it takes no account 
of the picture modulations. This is illustrated by Fig. 62. 

Another scheme used by the Marconi Co. was to arrange the 
synchronising impulses in the opposite direction to the picture 
modulations, and to deal with them by means of a separate group 
of valves at the receiver. 

Yet another scheme is to arrange the synchronising signal circuits 
to have a fairly long time constant, so that they take little account 
of the quick variations of the picture modulation. 

How Mechanical Systems Score. In _ practically all 
mechanical systems the question of synchronising is considerably 
easier than it is in the case of cathode-ray working. The reason for 
this is quite simple. 

In a cathode-ray system, there are two synchronising frequencies 
that must be applied to the tube and kept dead constant the whole 
time. If either of them goes out it will upset things, and because 
one is maintained right, it does not mean that the other must 
necessarily be nght also. 

In most mechanical systems the positioning of the lines is a 
fixed factor in relation to the disc, mirror drum, or other device 
that produces the number of pictures per second. So long as this 
device rotates at the right speed the number and positions of the 
lines is also bound to be correct. Centring the picture, or avoiding 
it being split, is all that then has to be considered. 

The general principles that have been used up to the present time, 
and which have been described in this chapter, will without doubt 
apply to the new mechanical systems that may be developed in 
the future for high-definition working. And as already indicated, 
synchronous motors, simply controlled by the synchronising 
{pulses, are likely to be the system adopted in the future. 

A. S. C. 
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MIRROR DRUM AND OTHER MECHANICAL 
SYSTEMS 


GENERAL REMARKS-——-THE MIRROR DRUM ITSELF—-METHODS 
OF USING-——~STEADY LIGHT SQURCES--HOW THE KERR CELL 


WORKS-—-KERR CELLS FOR 


HIGH-DEFINITION WORK— 


MIRROR DRUM VIEWERS—OTHER DISC SYSTEMS--LENS DISC 
AND JENKINS DISCS--THE MIRROR SCREW--—-SCOPHONY-— 
MIRROR DRUM VARIATIONS-—-VIBRATING MIRRORS. 


In Chapter 8 the simplest form of mechanical television viewer 
was described. It employed a disc with a spiral of tiny holes 
punched in it. This disc, known as a Nipkow disc, was invented 
about 40 years or so ago, and has a number of disadvantages. 

In view of these disadvantages, chief amongst which is the 
difficulty of getting sufficient light through the small holes to permit 
good projection of the picture, many other forms of mechanical 
scanning have been invented and developed. Perhaps the most 
popular and successful of these is the mirror drum. 

Mirror drums of varying forms are employed in many different 


THE MIRROR DRUM 
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Fig, 63-~The essentials of the mirror drum. 
Fach mirese is tilted slightly in relation to 
the adjacent ones 


television systems to-day, so 
that the best way to approach 
the subject is to describe first 
of all the mirror drum unit 
itself, and then to deal with 
the way it 1s put into use in 
practice. 

For purposes of description 
we will consider a mirror drum 
for 30-line work. This will 
enable helpful comparisons to 
be made with the 30-line disc 
viewer to which we have just 
referred. At the same time 
it must be emphasised that 
the mirror drum is applicable 
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to high-definition work, the only limit to the number of lines 

with which it can be used being entirely mechanical considerations. 
The Mirror Drum Itself. Fig. 63 shows the simplest form of 

a mirror drum. It consists simply of a narrow drum, around 

the circumference of which are arranged 30 small rectangular 

mirrors. Across their 

smaller dimensions MOVING THE LINE 

these mirrors are all 

at right-angles to the 


radii joining their ~ 
middle points to the 
centre of the drum. 


Along their larger 2 
dimension they are 
all at slightly different 
angles. Each mirror 
has charge of one hne 
of the picture, and 
the way in which the 
mirror drum achieves (a) 
scanning as it re- 
volves is as follows. 
First of all consider 
mirror 1 in Fig. 64{a). 
With the drum 
stationary, the spot 
of light 1s_ reflected 
by the mirror on to 
the screen at the 
point X. In Fig. 64(b) 
the light is shining on 
mirror 2, which is at 
a slightly different Fig. 64—This diagram shows tote the angle of each 
~ from mirror x mirror is just sufficiently different from the nezt one, 


; * te cause the spot of light te move across the screen. 
The result is that the the width of one line of the picture 


spot of light now 
appears on the screen just to the side of the spot X, namely at Y. 
Similarly, each mirror being at a slightly different angle, they will 
reflect the spot of light to different points from left to right across 
the screen. Each successive mirror will move the light slightly 
farther across the screen. 
Now for Fig. 65. Here we are dealing with the mirror 1 
the whole. time, but looking at the drum from the side mstead of 
from above. As the drum is revolved in the direction of the arrow, 


* 2, 
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In Chapter 8 the simplest form of mechanical television viewer 
was described. It employed a disc with a spiral of tiny holes 
punched in it. This disc, known as a Nipkow disc, was invented 
about 40 years or so ago, and has a number of disadvantages. 

In view of these disadvantages, chief amongst which is the 
difficulty of getting sufficient light through the small holes to permit 
good projection of the picture, many other forms of mechanical 
scanning have been invented and developed. Perhaps the most 
popular and successful of these is the mirror drum. 

Mirror drums of varying forms are employed in many different 

television systems to-day, so 

THE MIRROR DRUM that the best way to approach 

: | —— the subject is to describe first 

of all the mirror drum unit 

itself, and then to deal with 

the way it is put into use in 
practice. 

For purposes of description 
we will consider a mirror drum 
for 30-line work. This will 
enable helpful comparisons to 
be made with the 30-line disc 
viewer to which we have just 

Se referred. At the same time 
Fig 63—The essentials of the mirror drum. it must be emphasised that 
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to high-definition work, the only limit to the number of lines 

with which it can be used being entirely mechanical considerations. 
The Mirror Drum Itself. Fig. 63 shows the simplest form of 

a mirror drum. It consists simply of a narrow drum, around 

the circumference of which are arranged 30 small rectangular 

mirrors. Across their 

smaller dimensions MOVING THE LINE 

ihese mirrors are all 

at right-angles to the 

radii joining their 

middle points to the 

centre of the drum. 
Along their larger 2 ! a 

dimension they are 

all at slightly different 

angles. Each mirror 

has charge of onc line 

of the picture, and 

the way in which the 

mirror drum achieves (aj 

scanning as it re- 

volves is as follows. 
First of all consider 

mirror 1 in Fig. 64(a). 

With the drum 

stationary, the spot 

of light is reflected 

by the mirror on to 

the screen at the 

point X. In Fig. 64(b) 

the ight is shining on 

mirror 2, which is at . 

a slightly different Fig sepa leer e ram shows how the angle of each 
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angle from. ee es te cause t walt of light to move across the screen 
The result is that the the width of one line of the picture 


spot of hght now 
appears on the screen just to the side of the spot X, namely at Y. 
Similarly, each mirror being at a slightly different angle, they will 
reflect the spot of light to different points from left to mght across 
the screen. Each successive mirror will move the light slightly 
darther across the screen. 
Now for Fig. 65. Here we are dealing with the mirror I 
the whole time, but looking at the drum from the side instead of 
from above. As the drum is revolved in the direction of the arrow, 
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the angle at which the light beam strikes the mirror will vary; 
consequently the angle of reflection will vary and the spot will 
trace a line up the 


THE PATH OF THE SPOT screen from bottom to 
Box CONTAINING — top. 

: LIGHT SOURCE But as the drum 

\\ revolves, mirror 2 and 


all the other mirrors 
PO CATACF will trace similar lines 
‘ JOT OF up the screen, and 
each line will be 
slightly to one side of 
the preceding line. 
Thus when the drum 
has revolved once, 
thirty lines will have 
moved up the screen 
and we shall have 
scanned the whole pic- 
turearea. The number 
of times per second the 
picture area 1s scanned 


LEN 
/ Je depends simply on the 


Fig. 65-—As the drum revolves each mirror in turn —t ; 
causes the spot of light to traverse the screen from the number of revolutions 
top to the bottom made by the drum. 


Methods of Using. 
The mirror drum is used in conjunction with a modulated 
light source just as in the case of the disc. The picture, 
however, is viewed on a screen. This may be arranged as 
in Fig. 66(a) where light is reflected from an opaque screen as in 
cinematograph pictures, or it may be viewed on a translucent 
screen such as a piece of ground glass, as in Fig. 66(b) (The 
lens systems have been omitted for simplicity.) 

The second is the usual method adopted because it requires 
Jess light, and considerable output from the receiver is needed to 
modulate a powerful source of illumination. 

The source of light can take the form of a crater-type neon tube 
in which the luminosity is concentrated at one point, or it may be 
a mercury-vapour or helium-vapour tube. The latter are much 
more common because the neon tube hardly provides sufficient 
illumination for practical purposes. 

Mercury filled tubes give a greenish-blue light and helium a blue 
light. A tube which has proved very successful is the “ TI’ lamp. 
This employs a mixture of the two gases. 





LIGHT, 
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Steady Light Sources. Since we want a powerful light for 
our muror drum, methods of varying the intensity of a local source 
of light have been much sought after. An ordinary electric light 


bulb whose 
brilliance var- 
ies with the 
voltage ap- 
plied to the 
filament is 
ieee 
because of its 
lag in respond- | 
ing to | 
variations. 
irce 


TWO METHODS OF VIEWING 


will f : \ 


respond to | 


voltage vari- 
ations without 
any appreci- 
able lag at all 
is necessary. 
Recently a 
special form of 
modulated arc 
has been de- 
veloped, but 
this has the 
drawback for 
ordinary 
purposes of 
requiring a 
tremendous 
power input 
to control it. 
There is, 
however, one 
system which 
has proved 





LERSON 
MtNRROP sasaiti WEWING 





EEN 


(6) 


Se oo (a) an opaque screen is used and the picture is seen 
by reflected light. (b} = less powerful light-source is needed 
since a translucent screen is employed 


very successful indeed. It employs what is known as the Kerr cell. 
Like many of the principles used in television, the Kerr cell was 
discovered by its namesake a long time ago, about Go years actually. 

It has proved a great aid to mechanical television and is used in 
nearly all modern systems. 
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How the Kerr Cell Works. To understand the working of 
the Kerr cell, it is necessary to have some knowledge of polarised 
light. To many, the subject of polarised light seems rather a 

fearsome one, like three-phase 

A GOOD ANALOGY A.C. working, but it need not 

STONE be. True it is a very complex 

DROPPED HERE subject if delved into deeply, 

but this is not necessary. A 

simple knowledge of the main 

features is all that is required. 

Light is a vibration in the 

6) | ether, and as you know, ether 

| permeates everywhere and 

dd} everything. But light is not 

just a simple to aad fro vibra- 

: tion, like a tuning fork for 

SSS instance. The vibrations take 

Fig. 67~-The waves, spreading in all direc- place in all directions at right 

tians, obtained when a stone is dropped into anoles to the direction in which 

water, form a good analogy of the way in ; . : 

which light vibrates the ether in all directions the light is travelling. 

For illustrative purposes we 
will consider a section through a narrow beam of light. The 
vibrations may be considered as the waves which radiate in all 
directions when a stone 1s dropped into a pool of water, sce 
Fig. 67. This, of course, is only a rough analogy, but it happens 
to serve our purpose admirably. 

That is ordinary hght. What is polarised light ? Look at Fig. 
68. Around the point in the pool where we are going to drop 
our stone again in a minute, we arrange a series of parallel planks 
with their edges just above the surface. 

In goes our stone. But we no longer get the waves radiating 
in all directions. In the directions A and B they are completely 
stopped, but in directions C and D they exist between the planks 
more or Jess normally. 

This little picture we can liken to light waves when they are 
polarised. They vibrate in one direction only. 

To the naked eye polarised light looks just the same as before, 
but weaker. It is weaker because, as you can see from Fig. 68 
a big area of vibration is cut out of the picture. 

There are certain substances which when light is passed through 
them, polarise it in the manner described. Certain crystals such 
as tourmaline will achieve this. So also will calcite, more commonly 
known as Iceland Spar. 

The latter, however, polarises light in two directions. It allows 
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vibrations in directions at right angles to pass. But these two 
vibrations have different properties, and it is possible to eliminate 
one by a further process which leaves us with ordinary polarised 
light, which is what we 
want for our next step. EXPLAINING POLARISATION 

A Marconi develop- _ ¢ 
ment employs both 
beams, making them 1 
eventually coincident, oes ie Hh 
and so producing a “lH — . 
saving in light. To 

Fig. 69 shows the Li NZ 
arrangement of a sim- iS 
ple Kerr cell. The 
glass container is filled. 
with nitrobenzine and A 
hermetically sealed. 

In it are two metal 
electrodes A and B. sab | Sam 
They are flat plates : me 


| 


| 





arranged parallel to 
one another and quite 
close, and contact with 
them is made via the 
two terminals. 


ar- Fig. 68—An ingenious diagram which will help the 
The beam of polar reader to understand polarised light, in which the ether 
light from our vibrations are confined to one plane only 


calcite polariser is 
made to pass between these two plates. If now we apply voltages of 
suitable value to the two terminals, the effect will be to twist the 
plane in which the polarised light is vibrating. Now look at Fig. 
70{a). Here a beam of light passes into a polariser, which 
permits, we will say, vibrations only in a vertical plane to pass. 
The vertically polarised light 

passes along to the second A SIMPLE KERR CELL 
polariser, which is arranged to 
pass light in a horizontal plane 
only, The result is that no 






cl 


light at all emerges from the = | 
two polarisers. 8. 
In . Fig. 70(b) we have Acie col eet oe 


inserted our Kerr cell between Fig 69-—The simplest form of Kerr cell 


the two polarisers. Until consists of two parallel plates between 
. ? . hight de 
potentials are a pli ed to the which a beam of Pageants ight is ma 
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plates no difference is noted, but as soon as the potentials cause the 

vertically polarised light to twist towards a horizontal plane light 
begins to emerge from the second polariser. 

If the plane were twisted 

wee ORE TIGRE until it became horizontal, 

the full amount of light would 

be able to pass through. In 

practice the picture modu- 

lations are applied toa suitably 

biased Kerr cell, and as the 

voltages fluctuate so more or 

ene less light is passed through the 

(3) eis eee for the ae 

, evice whatever it may be. 
et cle: bbe a atk ene i polarised Kerr Cells for High Defi- 
eet chick wormallyccut of eight > Bition Work. The Kerr cells 

which have been commonly 
used for television of recent years have consisted of a number of 
plates, connected up in banks in the fashion of the multi-plate 
fixed condenser. These plates are arranged as close together as 
possible to provide maximum sensitivity and are also parallel. 

These cells, however, are of but little use for high definition 
television in the neighbourhood of 240 lines. The power required 
to drive them at high frequencies is very great, partly due to their 
high capacity. 

The high capacity has been overcome by a return to the twin 
plate cell, and the Wright type of diverging plates have proved 
very helpful. The shape of these plates is seen in Fig. 71. 

Another way in which the power required has been usefully 
reduced is by paying particular attention to the purification of 


the nitrobenzine used. 
Special distilling and DIVERGENT PLATES 


freezin rocesses, in LNRECTION 
ae a OF 


which only a portion of bie ne 
the mtrobenzine is re- ee ee @ Y 
tained, are employed to —*™ — 


ensure this purity. a 


Mirror-drum Fig. 71-~In order to make Kerr cells suitable for 
Viewers. Ww e are now high definition work it has been found necessary to 
: ae : use double-diverging plates, as shown in this diagram 
ina position to consider 


the mirror-drum receiver as a whole. In Fig. 72 is given a 
diagrammatic sketch of the various stages in the light’s progress 
from source to picture screen, from which you will see how it 
gradually changes from a steady illuminant to an intelligible 


oa 
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picture. The synchronising gear attached to the mirror drum 
is not shown, but it may be applied in any of the various ways 
discussed in the previous chapter. 

First of all, we start off with a powerful source of light, such 
ag an electric bulb with a concentrated filament. In front of this 
is a condenser lens A to produce a parallel beam of light. B is 
an aperture plate and light screen, which passes a narrow beam of 
light through the first polariser C, the Kerr cell D and the second 
polarising device E. 

The varying light impulses are now focused on to the mirror 
drum, from which they are finally reflected in such a manner as 
to scan the 
picture area on A COMPLETE MIRROR-DRUM SCHEME 
the viewing 
screen. The 
mirror drum 
can be con- 
structed in 
many ways in 
practice, but 
nearly afl 
types have 
one thing in 
common, the 
mirrors are all 
independently 
adjustable so 


that the scan- Fig. 72--The complete optical and radio-control system of a 
ning lines can mirror-drum television outfit is shown above. Note that a 

: steady source of light is used, and that modulation is applied 
be adjusted to via the Kerr cell 


fall accurately 
into their proper places on the screen. 

Fig, 73 shows how the mirror-drum viewer might be arranged 
in practice. 

A modification of the normal mirror-drum system, and which 
shows considerable promise for the future, is the stationary mirror 
drum. The development of this is largely due to Mihaly, and it 
has the great advantage that there is no heavy mirror drum to 
be rotated. The only moving part is a revolving mirror arranged 
at a fixed angle. 

The diagrammatic sketch of Fig. 74 makes the scheme clear. 
It will be seen that the mirror takes an “ inverted’ form. That 
is to say, the mirrors are arranged. round the inside of the drum 
instead of the outside. They are, of course, all adjustable as in 
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the ordinary type of mirror drum, and are all set at slightly dif- 

ferent angles. | 
The light coming from the Kerr cell and polariser unit is first 
A PROMISING IDEA of all reflected from the revol- 


mirror on to the drum, 
ViEWING SCREEN ; reflected on to 


Revecvins Mineo = 3 different part of the revolving 
ae mirror and finally back to the 
viewing screen. 

The double reflection from the 
revolving mirror is necessary 
in order that all of the mirrors 


Sma, 





: , can be made use of. Without 
<fpou Lie this double reflection only about 


Fig. 74—The great advantage of this half of the mirrors could pos- 
ee ae oe anal sathe Gee that sibly reflect light on to a screen, 
can be eee ae ieasidel oe i eas be no matter where 1t was placed in 
: relation to the mirror drum. 
Other Disc Systems. Before going on to more advanced 
mechanical systems, there are one or two further schemes connected 
with disc : 
receivers MECHANICAL INTERLACING 
which warrant 
mention. The 
first two are 
merely de- 
velopments of 
the simple 
type of disc 
receiver fully 
described in 
Chapter 8, 
while the 
others employ 
discs of an 
entirely differ- 
ent nature. 
Much con- 
jecture has 
taken place 
around the 
possibility of | 
using an or- Fig. 75—A modification of the ordinary disc scanner. The heles 


: : are art in three , each group dealing with every third 
dinary disc “= Wine ol the pectare 
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for high definition transmissions. 


Theoretically there is no reason 


why it should not be done. One merely requires a spiral with 


THE LENS DISC 





Fig. 76—Very similar to the ordinary 
scanning disc is this mirror disc in which 


Lentini - weathee aan wpe ms 


formation 


more holes in it, and runs the 
disc faster in order to get in 
the increased number of 
frames or pictures, per second. 

But the difficulty of pro- 
ducing mechanically, an 
accurate disc with say, 240 
holes is almost insuperable 
even if the question of cost 
is ignored. It has, therefore, 
been suggested that it should 
be done photographically. 

A very large-scale drawing, 
several yards across, could 
be made quite accurately, the 
positions of the holes being 
marked by black squares. 

using a photographically 
sensitised transparent plate 
for the scanning disc, it would 


be an easy matter to photograph the large scale disc on to it. The 
holes would appear as little white pin-points on a black background 
when the disc was eventually developed. 


The second scheme 
is considerably older. 
Tt was tried by 
Sanabria, an Amer- 
ican worker. The 
type of disc used is 
Hlustrated in Fig. 75. 

For 30-line 


holes, there are three 
of ten holes. Each 
spiral is arranged to 
scan every third line. 
Thus the spiral A will 
deal with lines 1, 4, 
7, and so on; the 
spiral B will handle 
lines 2, 5, 8, and so 


A LENS DISC VIEWER 





Fig. 77~-The advantage of the lens disc over the 
ordinary one, is that the former passes much more 
light, and so permits useful projection to be achieved 
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on, while spiral C covers the remaining ones, namely numbers 3, 
6, 9, and so on. 

The advantage of the scheme is stated to be that the disc can 
be run at a third of the speed of a nermally arranged disc and 
yet give the same satisfaction to the eye. Naturally, this scheme 
would require a special form of transmission to suit it, which is 
considered very undesirable to-day, when the aim is to have a 
system of transmission which will suit many forms of reception. 

Lens Disc and Jenkins Discs. . A method of scanning employ- 
ing a lens disc has received considerable attention in the past, but 
it has been used mostly at the transmitter end. Except for the 
nature of the holes, it is exactly the same in principle as the ordinary 
disc scanner. 

Instead of having a spiral of small holes pierced in the metal 
disc, a spiral of lenses are fitted in 
the disc in the manner shown in A JENKINS DISC 
Fig. 76. So far as the receiver is = 
concerned, this system of scanning 
is used with a projected picture. It 
has the advantage that the lenses 
pass considerably more light than 
a small hole could. Fig. 77 gives 
an idea of the light arrangements at 
the receiver. 

The Jenkins system of disc recep- 
tion is something quite different. 
Actually it employs two separate 
discs, and the only real drawback 
appears to be the difticulty of pro- S | 
ducing the discs accurately as a Fig. 78—Made of special glass or 

; ve quartz the Jenkins disc has a 
commercial proposition. continuously varying angle to its 

The discs are made of special glass edge, the light beam thus being 

moved across the screen by 
or quartz, and around the edge, refraction 
the disc is ground fo act as a prism. 
The angle of the grinding varies continuously around the whole 
disc. Fig. 78 will help to make this clear. It shows a section 
through the elevation of the disc and also a sketch of the disc in 
perspective. 

It will be seen that at one part the angle of grinding is actually 
opposite to the angle at another part, and that there is one point 
where a sudden change over takes place. 

When light is passed through a prism it is bent or deflected out 
of its previous path. The amount which it is deflected depending 
on the angle of the prism. 
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When the beam of light passes through the Jenkins disc it is 
similarly deflected, the amount depending on which part of the - 
disc is in use. Consequently, if the disc is made to revolve the light 

| will trace a line across a 

FOR COMPLETE SCANNING screen placed in its path. 

When the change-over 
point of the disc is reached, 
the spot on the screen will 
return suddenly to one end 
and begin its traverse all over 
again. Thus we have scan- 
ning in one direction. 

Scanning in the other 1s 
produced by the second disc 
used in the Jenkins system. 
The second disc is arranged 
so that its prismatic action 
will be at right angles to that 


. ta ee of the first. 
Fig. 79—How two Jenkins dises are arranged . 
to provide complete scanning. The light Fig. 79 shows the correct 
passes through both discs at the point A, one disposition. The beam of 


dise refracting it in a vertical direction and ; : ; 
the other in a horizontal direction light. is passing through the 
point marked A, and it will 
be scen that immediately after passing through one disc it has 
to pass through the second. 
The first disc bends the beam of light in a horizontal direction 
and the second one 
in a vertical direction. A TYPICAL MIRROR SCREW 
Thus by means of a END PLATE 
combination of the . 
two varying  pris- 
matic actions the spot 
of light is made to 
reach all parts of the 
picture area on the Siaiolt 
screen, and scanning 
is complete. 
One disc naturally 
runs at the speed cor- 


number of lines per Age” ENO PLATE 


second, and the other Fig. 80—In the mirror screw, the general _._-____... 
revolves more slowly of which _ reaietaree rie edges ea big les 
: . are po o act as reflecting su ; € mirror 
in accordance with screw is made to revolve as a whole . 
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the number of pictures per second. The correct ratio between 
the two must of course be maintained, and can be achieved by 
correct Bearing, for instance. 

The size, and ratio of length to height, of the picture is dependent 
on the grinding of the discs. A pictorial representation of the 
complete set-up for such a television system is given in an 
art plate. Note that the second polarising prism is called an 
“ analyser,”’ quite a common term for it. The action of this second 
polariser is, of course, in all such systems, rather to keep out all 
light except that vibrating in a particular direction than to actually 
carry out any polarisation. 

The Mirror’Screw. The mirror-screw system of reception has 
proved quite popular on 


30-line transmissions in ANGLE OF DISPLACEMENT 
this country, and has gO 

also been worked on high- st 5 
definition experiments up ; povee 





lines. It is one of the 
most promising mechan- --*--- 
ical schemes for the 
future. 


A typical mirror screw gy 
is illustrated in Fig. So. 
It consists of a spiral oP 
made up of a number york 
of rectangular pieces of cpt 


metal, threaded on to a 


. Fig. 8:—Each mirror of a mirror screw is set at an 
and clamped be angits to the next, and these angles (X and ¥ in 
two end plates. this diagram), must all be exactly equal 


“close-up "’ sketch of 
a of the plates is given in Fig. 81. 

It will be seen that each one is slightly twisted on the spindle 
in relation to the one next to it, and that the reflecting surface ts 
one of the long edges of the metal rectangles. The angles x and y, 
namely the angles made by any two adjacent rectangles with each 
other must be exactly equal in each case. 

There is one mirror, or rectangular piece of metal, for each line 
in the picture. In the case of 30-line television there would be 
30 mirrors, and the angle between each would be 360 degrees 
divided by 30, namely 12 degrees. In the case of 180 line working, 
this angle would be 2 degrees. 

The width of the picture in the case of a mirror screw is deter- 
mined by the number and thickness of the mirrors, as shown in 


to two or three hundred f er 
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Fig. 82, which shows the screw sideways on. It also shows how 
a white-line lamp as long as the screw is also required. A suitably 
shaped line of light controlled by a Kerr cell can, of course, be 
employed instead of this type of lamp. 

As the mirror screw revolves, each mirror reflects a spot of light 
across the screen as in Fig. 83. The dotted beams of light 

show the spots from the 

THE PICTURE WIDTH mirror preceding and 

LENGTH O88 PICTURE the mirror following the 

| | one actually seen scan- 

ning the screen. If pre- 

ferred, the disc may be 

viewed direct without 

the interposition of a 
screen, 

And now we come to 
an important consider- 
ation in mirror-screw 
viewers, The screen 
must be placed at tho 
right distance from the 
screw, otherwise the 
ratio of length of picture 
to height will not 
remain correct. 

The reason for this is 



















_— 2 . he ‘ ~e 

g : shown in Fig. 84 where 
5 VUHITELINE = the movement of the 
a “. * 
215 enna f $:\ spot of light from one 
= 3 = ${] mirror is illustrated. 
= z = = « . * 
2 3 = 3 | The mirror is shown in 
5 % two different positions, 


and we will assume that 


Fig. oe width of the aaa hy rj sipidhda ot hed these represent the top 
viewer is determined by the length of the complete tans 
screw. A source of light as long asthe mirror screw is and bottom of the pic 

usually employed ture line (vertical scan-~ 


ning being presumed). 

The beam of light for one position is shown as a full line, and 
for the other as a dotted line. If the screen is placed at S2 the 
picture will be twice as high as if it is at Sr. But the width, it 
must be remembered, is the same, being controlled by the width 
of the mirror screw. 

This question of screen position is very important when high 
definition systems are under consideration. If the mirrors are too 
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THE STUDIO OF THE FIRST TELEVISION STATION TO BE OPENED 
IN PARIS 


er ey ts 1 wt i om 


TELEVISING A CLOSE-UP" IN THE STUDIO OF A FRIENCH TELE- 
VISION STATION. THE SCANNING AT THE ‘TRANSMITTER 
OPERATES ON A MECHANICAL PRINCIPLE AND A PART OF THE 
COVER OF PHIE SCANNING DESC CAN BE SEEN 


FROM THE SIDE OF THE CASE 
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A COMBINED TRANSMITTING AND RECEIVING APPARATUS LOR 
30-LINI: EXPERIMENTS 


Flate 


THE EFFECT OF 180-LINE DEFINITION 





IT 1S VERY DIFFICULT PHOTOGRAPHICALLY TO REPRODUCE 
ORIGINAL TELEVISION PICTURES ON PAPER AND GIVE A TRUE 
REPRESENTATION OF THE EFFECT. BUT BY MEANS OF ASPECIAL 
BLOCK-MAKING PROCESS THE ABOVE PICTURE IS MADE VERY 
CLOSELY TO APPROXIMATE 180 LINE RECEPTION. THIS IS THE 
DEGREE OF DEFLNITION THAT WAS EMPLOYED IN THE EARLIER 
BAIRD EXPERIMENTAL HIGH DEFINITION TRANSMISSIONS FROM 
THE CRYSTAL PALACE. EVEN FINER DEFINITIONS HAVE BEEN 
ADOPTED FOR THE B.B.C. TELEVISION SERVICE, THE BAIRD 
TRANSMITTER GIVING 240 LINES AND 25 PICTURES PER SECOND 
AND THE MARCONI—E.M.L 405 LINES UNTERLACED SCANNING! 
AND 50 FRAMES 


Plate 95 
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RECEIVED TELEVISION PICTURES 
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TELEVISION WITHOUT THE AID OF VISIBLE LIGHTING. BAIRD 
AND AN APPARATUS EMPLOYING INFRA-RED RAYS WHICH 
HE DEMONSTRATED MANY YEARS AGO 
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176 BIG GAME HUNTING 


If however the European powers have thought but 
little of the importance of Siam it has by no means 
followed that Siam has neglected to assume a position 
of importance in her own eyes, Nature has certainly 
not endowed either the Siamese man or woman with 
good looks yet their vanity is great. In many parts 
of the East it is the custom to stain the finger nails a 
deep red colour but in Siam they stain their teeth as 
well. Their red teeth and short coarse hair, standing 
straight up on end and well oiled with coconut oil, 
give both sexes a remarkable appearance. Their 
clothes are very much the same as those worn by the 
Burmese and many of the things which they make in 
the form of knives bags and plaited bamboo work 
resemble those which are made in Burma. But the 
two races are very different in most other respects. 
In both countries the men are lazy but the Burman 
is at least a jovial fellow and good company in the 
jungle and the Siamese woman with her badly shaped 
features made worse by the way in which she does 
her hair compares most unfavourably with the laugh- 
ing dainty Burmese woman who takes so much trouble 
with her hair and general appearance. 

The vanity of the Siamese is not confined to their 
personal appearance by any means and one gets the 
impression that they think themselves capable of taking 
on any one European power in warfare. Yer their 
so-called army is insignificant in numbers and of such 
poor quality that any of the Northern tribes of Kamus 
or Shans would probably defeat them with ease at any 
time. A true case of “where ignorance is bliss.” 
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“In Fig. 8s is shown a ‘complete * ‘ picture ” in the form of 
a number of differently shaded lines. Actually this could be any 
subject to be televised, the form shown merely being adopted to 
assist the explanation. 

Before this “ picture "’ is acantied, it is presented to a specia) 
device, which splits it up into a number of strips, and arranges these 
strips end to end in the manner illustrated. The greater the 
number of strips, the higher the definition obtained. 

The scanner simply has to traverse the strip once, in one direc- 
tion, for each complete picture. The scanning is thus considerably 
simplified. : 

At the receiver the exact opposite takes place. A strip of modu- 
lated light is presented to the special device, which cuts it up into 
strips and arranges these side by side in their right order, thus 
building up the desired picture. 

The “special device "’ is known as a prismatic echelon. It 
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Fig. 85—This ag Hier shows how the picture is split up into a straight line before 


scanning in th phony principle of television, which calls for scanning in one 
ion only 


consists of a number of thin prismatic formations arranged side 
by side and displaced slightly in relation to one another. In 
actual practice this echelon is arranged to rotate. 

Mirror Drom Variations. Much has been talked, and con- 
siderably more thought, about the possibilities of converting present 
30-line television apparatus for high-definition work. As a general 
rule there is little possibility of any success in this connection, but 
one scheme has been suggested which is of great interest to those 
who have a 30-line mirror-drum outfit. 

The arrangement is outlined in Fig. 86. Briefly, the idea is 
to make each mirror produce eight lines on the picture screen. 
This is achieved by means of the a iad seen to the right 
of the mirrer drum. 

First of all there are six prisms across which each of the 30 mirrors 
causes the spot of light to pass. Each of these prisms deflects the 
spot back to the beginning of the scanned area and so makes six 
lines out of one. 

But so far these six lines will all be on top of one another. This 
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is where the six glass plates next to the prisms come in. Each of 
these displaces the beam just the width of one scanning line. 

Thus each mirror on the drum produces six lines on the screen. 
And by simple multiplication 


we obtain 180lines. To obtain LINE MULTIPLYING 
25 pictures per second instead 
- ey the drum has to rotate i GLASS PLATES 
at twice its normal speed. J 
Eight prisms could be used eg oS 
to produce 240-line scanning. A 
In many cases existing V 
motors could be made to turn aA 


lat twice the speed. And, of AfeeaeQeuw 


course, it would be necessary Fig. 86—By an optical system of prisms 
to arrange the drum in a gi riracting pts, each ne produced 
horizontal plane to obtain number of lines 
horizontal scanning. 

One of the biggest problems in the application of the mirror 
drum to high-definition television 1s that of canting the mirrors in 
relation to one another. The provision of 180 or 240 mirrors on 
a drum of reasonable proportions is not an easy matter, either. 

Fig. 87 shows a suggested method of overcoming these 
problems, in which two mirror drums are employed, one taking 

care of horizontal scanning and 


USE OF TWO DRUMS the other handling vertical 
AOUZONTAL 4 SCREEN scanning. The vertical drum 
ORM 7 > ¥ r , Pal ; . 

_— would simply have 25 mirrors 


a Boe oye and revolve at 60 revolutions 
WT TTT. per minute, thus producing 


the necessary 25 pictures per 
second. 





ww 
Jo Liewr This drum would cause 
MODULATOR the light beam to strike each 


VERTICAL : 
Aaeuaw mirror on the second drum at a 


es Tit bet ape earch aed sar tie slightly different angle, thus 
or hor and vertical sc g, me » . 
difficulty of using alarge number of mirrors Obviating the biggest difficulty 


Yor high-definition work can be overcome. ; i 
The drums are arranged at right angles, as of oe 2 : ee But 
illustrated in this diagram since there is no canting of 


the mirrors to be carried out 

on the horizontal drum their number can be altered to any desired 
figure. | 
All that a reduction of the number of mirrors means is that the 
drum must revolve quicker in order to produce the desired number 
of lines. If there were 240 mirrors, this drum would have to revolve 
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at 25 times per second, If there were 120 mirrors it would have to 
do 50 revolutions per second. 

Fifty revolutions per second mean 3000 per minute—a high 
figure, but by no means impracticable. Remember, plenty of 
light-car engines will do even 5000 revolutions per minute quite 
comfortably. A good heavy motor, with well-balanced parts and 
bali bearings, should be able to tackle the job quite satisfactorily. 

Vibrating Mirrors. The use of vibrating mirrors for television 
is almost as eld as the Nipkow disc itself, but modern variations 
show considerable improvement over the earlier attempts. The 


SCANNING BY MEANS OF wee MIRRORS 
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Fig. &8-—-The two mirrors which refiect the modulated beam of light one after the 
er are arranged to vibrate in directions at right angles to one another, thus producing 
complete scanning of the picture 


basic principle, however, remains unaltered, and can be made 
perfectly clear by the illustration of Fig. 88. 

There is a marked similarity to the double-drum system just 
described. The mirrors vibrate in planes at right angles to one 
another, one taking care of vertical scanning and the other of 
horizontal scanning. 

The mirrors are arranged on swivelling axes passing down their 
middle, and are made to vibrate backwards and forwards by electro- 
magnets controlled by pulses of current occurring at the right 
frequencies, These pulses can be locally generated and controlled 
by the synchronising signals in the methods described in Chapter 9. 
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In Fig. 88 it will be seen that the modulated light passes first 
to the horizontal mirror, which moves it backwards and forwards 
in a vertical direction, these vertical movements then being 
given a horizontal component by the second mirror, which is pivot- 
ed vertically. Thus the complete scanning movements are achieved 
by the time the beam of light reaches the screen. 

The Priess system of television is demonstrative of what is being 
done with vibrating mirrors under modern conditions. Its dis- 
tinctive feature is that only one mirror is employed, this being 
made to oscillate in two directions. 

The mirror itself is mounted on a thin steel wire on which it is 
caused to swivel by an electro-magnet. A frame holding the steel 
wire at its ends takes care of the slower movements in the opposite 
direction. 

Very small power is needed to move the mirror in its two 
directions, because the natural frequencies of the mechanical 
arrangements are arranged to be exactly that of the desired speeds 
of vibration. It is claimed that so small is the driving power 
needed, that it can be obtained direct by amplification of the 
synchronising frequencies. 

Special transmitting systems are needed for oscillating mirrors 
because each alternate line is scanned in the opposite direction, an 
instantaneous fly- 


back to enable all OF HISTORIC INTEREST 
scanning to be in the aia 


same direction not sed 
being obtainable. < 

There remains but 
one other system to 
be mentioned to 
make this chapter 
complete. It is really 
of only academic 
interest, but is worth 
describing because of ” Connon CONTACT. 
its similarity to the Fig. 89-—If this method of television were not severely 
function of the limited by mechanical considerations, it would come 

nearer than any to giving us perfect television on 

human eye, and be- ; large screens 
cause it brings home 
in such a definite manner the first requirement of any television 
system, namely, to build up the complete picture by means of 
individual light and dark points. 

It was used in some of the earlier Baird experiments in the 
obtaining of large-size pictures. The receiver is illustrated in 
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Fig. 89, and consists mainly ofa large frame edicts many 
hundreds of little electric bulbs. | 

Each bulb is individually connected to one segment of a com- 
mutator, which connects them one after the other to the modulated 
source of power controlled by the television receiver. 

The commutator is arranged to be in synchronism with a com- 
mutator at the transmitter, which has the same number of segments. 
But in this case the frame of bulbs is replaced by a similar frame 
containing many hundreds of photo-electric cells. 

When the top right-hand photo-electric cell is put into circuit 
by the commutator at the transmitter, the top right-hand bulb is 
also put into circuit by the commutator at the receiver. And 
according to the amount of light falling on the photo-electric cell, 
so the brilliance of the electric bulb varies. This process is carried 
out for each cell and bulb in the mosaic, the number of times per 
second the whole mosaic is covered giving the number of frames 


per second. 
A. S.C, 


Chapter 11 


BRIGHTNESS OF TELEVISION PICTURES 


REMARKABLE STRUCTURE OF THE EYE—FIVE MILLION 
LIGHT-RECEIVING ELEMENTS——DEFINING DETAIL LIMITS— 
CANDLE-POWER—THE ‘‘ FOOT-CANDLE ’—THE MEANING OF 
“LUMEN "—-WHAT IS CONTRAST ?—~GRADATION RATIOS— 
FECHNER'S LAW—DAYLIGHT AND  ARIIFICIAL LIGHT 
INTENSITIES—THE ‘‘ PHOTON ’’—SEEING DETAIL IN DAY- 
LIGHT——-ACTION OF THE IRIS~-THE MOTION OF TELEVISION 
IMAGES--THE SIZE OF THE PICTURES — APPARENT 
BRIGHTNESS—THE QUESTION OF COLOUR. 


Of all the many practical problems associated with present- 
day television those concerning the production of televised 
images having a_ satisfactory standard of brilliancy and 
illumination are, so far as the television set owner is concerned, 
the most outstanding. A system of television transmission and 
reception may have been perfected down to the utmost detail in 
all matters respecting the electrical working and synchronisation 
of the system. Nevertheless, if the pictures which such a 
television system produces at the receiving end do not conform 
at least to a reasonably comfortable standard of brightness, then 
that television reception system is a dead one and will never 
be accorded public favour. Wireless broadcasting would never in 
its earlier days have attained its phenomenal success if listeners 
had found it necessary to strain their ears in order to catch faint 
whispers coming from imperfectly designed sets. So, also, the 
ordinary individual will never enjoy television reception if he 
finds that eye-strain is a necessary accompaniment to the viewing 
of televised images. | 

Whilst, in this chapter, we do not propose to concern ourselves 
with the various electrical methods which are being adopted for 
the purpose of increasing the brightness of televised images, we 
imagine that all readers will welcome a general survey of the subject 
of illumination, light-intensities and of the reaction of the human 
eye to various conditions of lighting, for, having a thorough grasp 
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of these fundamental inathels the ave will then eeu aatecate 
the various exacting conditions which have to be satisfied by the 
television set designer before the eye will accept the.televised i mange 
_as being one of satisfactory standard. 

The human eye, it is well known, is far less accommodating than 
the human ear. The ear will put up with, and wil even find 
pleasure in, very poor sound reproduction. It will, in fact, actually 
add, as it were, the missing elements of the sound reproduction. 
Not so the eye, however. That organ of our bodies is a stickler 
for accuracy. The eye is never satisfied with poor reproductions, 

and it refuses to make 
HOW WE SEE up for deficiencies in 
RETINA i) hy the strength or bal- 
ance of illumination. 

Five Million 
Light-receiving 
Elements. Let us, 
for a moment, briefly 
run over the structure 
of the eye. It is a 
remarkably efficient 
and foolproof organ, 
a miniature self- 
recording camera, in 
fact, having its 
crystalline lens, its 
iris diaphragm, and 


CRYSTALLINE LENS its recording surface 


—the retina—from 
Fig. 90-—The arr features of the construction : j : 
the human eye which the light im- 


pressions are trans- 
mitted along the optic nerve up te the visual centre in 
the brain (Fig. go). The retina of the eye possesses a truly remarkable 
structure. It contains, closely bunched together all over its 
surface, approximately five million light-receiving elements. 
Some of these elements are conical in formation, others are rod- 
shaped. They constitute the “rods and cones” about which so 
much is heard nowadays. Over the rods and cones flows a chemical 
dye which is known as rhodopsin, or “ visual purple.” This purple 
dyestuff is bleached by the action of light, and to an extent pre- 
portional to the intensity of the light. The bleached or partially- 
bleached visual purple excites the rods and cones—remember, 
there are five million of them—and from these elements varying 
nerve impulses are sent up to the brain. How these impulses 
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are translated into our sensation of light is not known. All we 
know is the mechanism of their origin in the retina of the eye. 

The rods and cones are not evenly distributed: in the retina. 
The centre of the retina contains almost exclusively cones. As, 
however, the outer boundaries of the retina are approached, rods 
make their appearance in increasing numbers until at the ex- 
tremities of the retina the number of rods is much greater than the 
number of cones. 

It is found that, under normal iluminations, it is the cones 
which do the business of collecting light impressions and trans- 
mitting them to the brain. The rods are merely reserve elements. 
Their function is to deal with Wluminations of low intensity. 

Defining Detail Limits. Owing to the fact that human vision 
is due to the functioning of some five million separate and 
distinct picture elements—the rods and cones—it is obvious that 
the images which we see in our everyday life are not entirely 
grainless ones. The images are made up of some five million 
points, and the distance apart of these minute points defines the 
limits of detail which the eye can perceive. | 

You will remember that the cones—the picture-receiving elements 
of the eye—are most thickly congregated at the centre of the retina, 
that is at the portion of the retina directly at the back of the eye. 
These elements function under normal and strong illumination 
intensities. That is why we are able to perceive minute detail 
under good illumination. When it comes to poor illumination, 
however, matters are far different. The eye cannot possibly 
perceive the same detail under poor illumination as it can under 
normal lighting because not only are the rods—the retinal elements 
concerned with light-reception under poor Wluminations—situated 
at the sides of the retina, but they are also spaced much farther 
apart from one another than are the cones. It is on account of this 
fact that we instinctively tend to bring any poorly illuminated 
object into the centre of our vision in order to distinguish as much 
detail as possible. But here, the eye defeats its own object, for 
the centre of the retina, as we have already seen, only deals with 
normal and strong illuminations. Thus, usually, a state of semi- 
confusion is set up and the eye sees, under poor illuminations, a 
detail-less blur, faintly-lighted and hazily-outlined. That is what 
the earliest television pictures were like. Nowadays, of course, 
they are enormously improved upon that poor standard. 

Candie Power. Before continuing with matters pertaining 
to the reaction of our eyes to varying degrees of illumination, 
let us deal now with some matters connected with the standards 
of brightness itself. As you know the oldest standard of lighting 
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is: the cahals comes. which; as its name implies, is the ee ty of 
light emitted by the burning of a standard candle. 

The British standard candle-power represents the light emitted 
from a candle which burns Spproamaty. 120 grains of spermaceti 

per hour, the height of 

‘LIGHT MEASUREMENT the flame being about 45 
millimetres. Not a _ very 
satisfactory standard of ilu- 
mination, not only in view 
of its intrinsic nature, but 
also ‘on account of the fact 
that there are several other 
similar light-standards in use. 

The “ Foot-candle.”” A 
rather better illumination- 

standard is the “ foot-candle,”’ 
which is the intensity of 
illumination received at a 
distance of one foot from a 
1—This illustrates the ilumination- standard candle (Fig. 91). 
re igucae ot oe ane tee ecg tf Such an illumination-standard 
distance of qne foot from a standard candie is frequently usedinconnection 
with television images. The 
illumination derived from a candle placed at a distance of one metre 
is, similarly, known as the “ metre-candle,” or the “ lux.” «From 
this standard we derive the “‘ millilux ”’ and the “ microlux,” sig- 
nifymg a thousandth and a millionth of a hix or metre-candle 
respectively. These prefixes will be familiar to you in miliampere 
and microampere. 

The Meaning of ‘“‘Lumen.” You may, also, have come 
across the term ‘‘ lumen ”’ used in connection with light intensities. 
This standard is used more particularly in assessing the brightness 
of illumination which falls on to the sensitive surface of a photo- 
electric cell. It is seldom employed for television receiving-screen 
Hlumination measurements. The Iumen, in reality, represents 
the quantity of light shed all around it by any given light- 
source. As an example, a lamp of one candle-power gives off 
4~ lumens of light, the symbol + being a mathematical constant 
wand equal to 22/7. 

What is Contrast ? The brilliance of a televised image 
is a function of its brightness. A brilliant image is a bright 
one, but, more than that, it is an image which has a long 
scale of clearly-defined tones, ranging irom the “ high-lights ” 
or whitest whites down to the deepest blacks. This is 
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standard at which all television systems should aim. What 
we term ‘contrast ’’ in images is the ratio or difference between 
the varying depths of tones which make up the picture. 
There would be little contrast, for instance, in a televised image 
of a black hat displayed against a black background. If, however, 
the black hat were disported in front of a white background, it 
would be readily receivable, for in such an instance, a maximum 
amount of contrast would be present in the picture. Contrast 
makes for clearness in a televised image. Without contrast, 
images are flat and lifeless. It is in order to ensure that adequate 


CONTRAST IS NECESSARY FOR CLEARNESS 
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Fig. 92—The least contrast is given when a black object is displayed against a ‘black 
background and the greatest with a black object against a white background 





contrast is available and, also, in many instances, actually to 
accentuate this very desirable quality that television artistes 
subject themselves to special make-ups, so that their features are 
rendered “ strong ’’ and easily picked up by the scanning beam 
of the television transmitter. Generally speaking, the more 
contrasty an object is, the more easily it is televised and the more 
clearly it will be defined upon the receiving screen of the television 
apparatus (Fig. 92). ” 

Gradation Ratios. The human eye can detect a very 
great range of differences between varying tones in an image, 
it being estimated that the ratio of light and shade in an 
image, seen in good daylight, is about 50,000 to 1. This 
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“range of ight and shade. is usually er the ‘ s adatiea® 
of the image. A good photograph possesses a gradation ratio 
of more than roo. to x, whilst a first-class cinema film has 
a gradation ratio of about 60 to 1. Nobody quarrels with 
the gradation and contrast of the average projected cinema 
_ film and if the gradation of a televised image could be made equal 
to this, all would be well. The gradation of a televised image 
possesses often less than half this ratio. It is found in practice, 
however, that the eye will put up with this diminution in gradation 
ratio without much complaint provided always that the high-lights 
or bright areas of the picture are left intact and that no detail is 
sacrificed in these areas. 

-Fechner’s Law. What is known as Fechner's law applies to 
televised images in much the same manner as it does elsewhere. 
Fechner’s law, in a nutshell, states that for each addition of 
brightness to an illumined surface you have to imcrease more than 
proportionately the intensity of the Wluminating source. For 
instance, if you require to double the apparent illumination- 
intensity of your television screen, you will find it necessary 
to more than double the Jlumination-intensity of your neon lamp 
or of whatever other light-source you may be using. This 
Fechner’s law is a very important factor to bear in mind when 
considering light-intensities and Wluminations, and it is constantly 
cropping up in relation to such problems. 

Daylight and Artificial Light Intensities. The intensity 
of normal daylight illumination is very variable. On an 
average, however, at its brightest it is of the order of 2,000 
foot-candles. Poor daylight illumination may possess an intensity 
of merely 20 foot-candles. Under an artificial illumination of 
about 3 or 3.5 foot-candles intensity we can read comfortably and 
for considerable periods without becoming tired. The average 
illumination-intensity of a home cinema screen is about 8 foot- 
candies. In all but the best of television-receiving screens, how- 
ever, there is an illumination intensity of not much more than 
0.15 foot-candle. It is for this reason that all possible attempts 
are made to conserve every scrap of light in a home televisor and 
to make the best possible use of it. In course of time, the ilumina- 
tion efficiency of the home television receiver will increase very 
considerably, but, so far as present television receiving methods 
“are concerned, ngs above is a pretty accurate estimate of the 
ilumination-intensities which are obtained in them. 

The ‘ Photon.” In connection with screen illumination 
intensities a special standard of light measurement has been 
evolved. This is the “photon,” one photon being a measure 
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of the intensity of light falling upon the retina of the human 
eye, when the pupil of the eye has an aperture of 1 sq. millimetre 
and when the object viewed has an illumination intensity of 1 
foot-candle. It is found that the amount of light entering the 
eye from the screen of a television receiver approximates to 
some 15 photons. 

Seeing Detail in Daylight. The visual acuity of the eye, 
or, in other words, its power of distinguishing detail, is influenced 
not only by the actual brightness of the televised image, but 
also by its motion and—note this carefully—by its size. Any 
reader of this article who happens to be an amateur photographer 
knows that, within limits, the more he “ stops down ”’ or closes 
the diaphragm or aperture of his camera lens, the sharper and 
more detailed will be the image on the plate. This is because light 
rays proceeding through a narrow aperture are more accurately 
and completely focused than they are when passing through a 
wide aperture. 

Action of the Iris. Much the same conditions govern 
the functioning of the light-focusing mechanism of the eye. In 
this organ, the iris contracts or expands in front of the 
crystalline lens, the movement of the iris being quite involuntary 
and being operated automatically by the intensity of the light. 
In bright light, the iris diaphragm of the eye contracts in order 
that the retina may not be too powerfully illumined and thereby 
harmed. In contracting, the iris forms a narrow aperture for 
the light rays to pass through to the retina at the back of the 
eye. This results in a sharpening up of the image thrown on the 
retina. Consequently, we see, usually, the clearest detail in 
bright light. 

When, however, on the other hand, the eye is poorly illumined, 
as, relatively speaking, it is when viewing televised images, the 
iris diaphragm opens up to its maximum extent in order to allow 
as much light as possible to pass through it to the retina. In 
doing so, however, it tends to take away from the eye the power 
of seeing fine detail, for the light rays entering the eye cannot be 
focused completely by the wide-open iris. Thus, in this one 
respect alone, there is a definite limit to the amount of detail which 
can be perceived in a televised image, that limitation being due to 
the low intensity of its illumination. (We except, however, the 
more advanced and expensive instruments.) 

The Motion of Television Images. The motion of a 
televised image has an effect upon its detail and upon the 
clearness with which it can be seen. Under operating conditions, 
it is found that even the smallest degree of movement improves 
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the. ‘neal image very considerably. This effect is due, 
most probably, to the slight non-coincidence of the successive 
pictures which make up the televised image. Much of the “ grain”. 
of the image is eliminated and the detail of the picture is cleared up 
surprisingly. The same effect obtains, also, in the case of an 
ordinary cinema film, the detail on the screen being less sharp when 
the film is stationary in the projector — when it is in motion in the 
normal manner. 

The Size of the Pictures. Then there is the actual size 
of the televised image to take into account when reviewing the 
detail and contrast characteristics of televised images. Surprising 
"ss it may seem, the dimensions of the image-screen of a 
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Fig. 93--The same image has been drawn clearer on the 1 arget screen in order to 
iMustrate the law of the larger screen giving the pe image 


televisor exert an appreciable effect upon the clarity with 
which the image can be viewed. It is found that the facility 
with which the eye is able to deal with differences of light 
and shade and of tone values generally is considerably lowered 
by a diminution of the size of the screen upon which the 
image appears. Especially under conditions of low-intensity 
illumination does this effect show itself. Hence, the general 
tendency in television-receiver design is not merely to increase the 
illumination intensity of the reccived images, but, also, within 
iimits, to increase the size. of the screen (Fig. 93). The first 
television images were little bigger than a postage stamp. Subse- 
quently they reached cigarette-card size. Recently, a cathode-ray 
tube giving a one-foot-square picture has been designed and, 
without a doubt, these dimensions of the available field of vision 


BRIGHTNESS OF TELEVISION PICTURES 143 


will be increased progressively as television technique and Beceivet 
designs advance. 

Apparent Brightness. The brightness of a televised image, 
or, at least, the apparent brightness of the image depends a 
good deal on the conditions under which it is viewed. If 
you take a television receiver outinto full sunlight and attempt 
to view the received image under such conditions you will 
have to expect almost complete failure. This is because the 
sunlight is so many thousand times more intense than the 
televised image illumination. Under the influence of strong 
light, the iris of the eye contracts to almost a mere point. It 
cannot, therefore, deal with any light rays other than those of 
great intensity which have thus caused it to contract. 

For the most favourable viewing of a televised image, all inter- 
fering light, both natural and artificial, must be cut out. It is for 
this reason that in the older television receivers, the image screen 
was secured at the end of a “ tunnel,” the sides of which acted as 
a sort of hood or shade, and so cut off a good deal of extraneous 
and interfering light. 

Even under the best operating conditions, of course, a televised 
image can never appear bright and clear to an individual who has 
just walked out of the daylight into a shaded or artificially-lighted 
room. In order to appreciate a televised image at its best, the eye 
requires time to accommodate itself to the fairly dim illumination 
under which the television receiver should be operated. During 
this process of accommodation—a process lasting, ordinarily, about 
ten minutes or a quarter of an hour—the iris of the eye dilates and 
remains in that condition, thus enabling more light rays to pass 
through it to the retina. As this accommodation takes place, the 
televised image will be noticed to grow brighter and brighter and 
also to increase in clarity and contrast. 

The Question of Colour. The characteristic orange or 
orange-pink colour of televised images set up on the screen 
by means of a neon lamp alone is by no means the most 
favourable shade of image for clear viewing. As the colour 
of an object or image becomes more and more red, the 
eye becomes less sensitive to it. The human eye is most 
sensitive to one particular band of the spectrum, which manifests 
itself in the form of light of a peculiar bluish-green. Televised 
images in this colour, even if they could be obtained (and, at 
present, they cannot be so produced) would not be very desirable. 
The very close approximation to white light given by some types 
of cathode-ray tubes give by far the most satisfactory type and 
colour of television image. 
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_. Natural coloar television, as would be expected, is proving as 
formidable and as complicated a problem as that of photography 
in natural colours, The coming of colour television will, if any- 
thing, tend to complicate the problems associated with the produc- 
tion of received images of satisfactory brilliancy, for not only 
will the illumination sources of the receiver have to be increased 
very preatly in intensity, but, also, a correct balance will have tc 
be maintained between the various colours on the screen, otherwise 
the eye, more sensitive to one colour than itis to another, will, by 
picking out its most easily perceived shade, concentrate upon the 
one hue to the almost total exclusion of the other. 

Brother Eye is, without a doubt, our good, faithful, and truly 
indispensable inend. But, as we remarked at the commencement 
of these notes, he is apt to be a most exacting fellow, and, decidedly, 
he will not put up with the various imitations and impositions 
which are frequently foisted upon that other lifelong companion 
of ours~Brother Ear. It is, therefore, as we have seen, in attempts 
to comply with the exacting conditions laid down by the eye for 
the obtaining of clear and comfortable vision that many of the 
best-known workers in the television world are at present engaged, 
LBS. 
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Mechanical systems of television have been fully discussed in 
the foregoing chapters, and now we come to what are known as 
the electrical systems. These systems are based upon the use of 
the cathode-ray tube, and so it is essential for us to have a knowledge 
of the construction and principles of operation of this important 
device, You will realise its importance from the fact that many 
experts consider that the future developments of television lhe 
entirely in the direction of cathode-ray transmission and reception. 

The Simplest Form. In its simplest form the cathode tube 
consists of a glass bulb, practically evacuated of gas, a high electrical 
potential difference being applied across a pair of metal electrodes 
sealed through the glass, so as to drive a discharge current through 
the residual gas in the 
tube (Fig. 94). This THE SIMPLEST C.R. TUBE 
Simple type of dis- 
charge tube has now 
been adapted to vari- 
ous purposes, 

For use in television 
it must be so arranged 
that a copious supply Fig. 94—Simplest form of Cathode-Ray tube, showing 


: : anode and h potential being 
of electrons issues from snode and cathode, & igh ee sea’ iensation by 
the cathode, these collision 





in the residual gas 
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electrons being formed into a stream or beam capable of being’ 
focused upon a small spot and of being shifted about and 
generally controlled at will (Fig. 95). We will not trouble to 

go inte the various 


INTRODUCING A FILAMENT stages in the develop- 

ment of the cathode- 

ANooE : FILAMENT) ray tube, but will 

von a proceed at once to 

a EEE: @Oamm wks describe the tube as it 

wt f a © isnow used for tele- 
"- Cosrous FIEAT/NG vision reception. 

ef, ¥ Or A TERY General Form for 

LECTRONS Television Purposes. 


Fig. 95-—-Simple form of Cathode-Ray tube in which ' ‘ 
a heated filament is used as cathode, this giving a -¢ contains, of course, 
more copious supply of electrons two essential elec- 


trodes, cathode and 
anode, across which a potential difference is applied varying 
between, say, 500 and 2000 volts or higher, according to 
requirements. Instead of relying upon the residual gas in 
the tube for providing the supply of electrons (which would 
give us only a meagre and uncertain electron supply) the 
electrons are obtained from an_ electrically-heated cathode, 
similar to that of an ordinary radio valve. A plentiful supply of 
electrons is assured in this way and these then move towards 

the anode under the 


THE FLUORESCENT SCREEN influence of the elec- 

C. FUGH tric field existing 
aoe LOLTAee Curwooe between the cathode 
\ ANODE © and anode, as men- 

-- tioned above. By 


the time the electrons 
have reached the 
fn eee UGH anode they are mov- 

\ 
SLUORESOENT eee ano ing with a very high 
Big. 96 aimaplsistih of Cathode Ray cane in Gui: “YOY “ee. (under 


the anode is placed nearer to the cathode and has a Proper conditions) a 
stream of fays then striking a flacresceat ecrom ai the /4™g€ percentage of 
opposite end of the tube them pass through 
| a hole which is 

pierced in the centre of the anode (Fig. 96). 

Nature of Cathode Rays. The result is that at the part of 
the tube on the opposite side of the anode, that is, away from the 
cathode, we have a beam or pencil of electrons—or “ cathode 
rays” as they are sometimes called—which continues its career 
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until it eventually strikes the wall of the tube at the tar end. 
The inner surface of the wall here is coated with a material which 
will glow brightly wherever the cathode beam impinges on it. 
This effect is known as “ fluorescence,’ and has been referred to 
in a previous chapter. If the cathode beam shifts so as to strike 
the fluorescent screen at another spot, the bright glow shifts 
accordingly, and so we can see at a glance just where the cathode 
beam is playing upon the fluorescent screen. As a matter of fact, 
for television purposes we are not directly concerned with the 
cathode stream at all, and all we need trouble about is the glow 
which it produces. Perhaps it should be mentioned in passing 
that the cathode beam itself is invisible. 

The ‘‘ Gun.”’ The cathode and anode, between which a high 
voltage is applied for accelerating the electrons after they leave 
the cathode, occupy only a relatively small part of the tube, the 
major part of the tube comprising the region in which the cathode 
beam is in free flight after having issued through the hole in the 
anode. The cathode and anode combination is sometimes referred 
to as the “‘ gun,” for the obvious reason that it serves to shoot out 
the electron stream, and the voltage applied for this purpose, 
that is, the 500 to 2000 volts referred to above, is sometimes called 
the ‘’ gun voltage,” to distinguish it from voltages which are used 
in the tube for other purposes, as we shall see presently. Some 
people refer to the anode itself as the gun, but it is obvious that the 
term must really include the whole arrangement of anode and 
cathode. 

Tracing the Screen. If everything is symmetrically arranged, 
the electron stream will strike the centre of the fluorescent screen 
at the far end of the tube. For television purposes .we require to 
make this spot trace over the screen in successive lines, that is, to 
(‘scan ”’ the screen im 


the fashion which has DEFLECTOR PLATES 

already been considered EEALECTOR 

in previous chapters. ATE: 

We must, therefore, 7 / 

find some means for i Ta aereoe, 
making the bright spot t= 2 —s. 
on the screen Move UP ewer ma Somers I 
and down along ver- “a! 

tical lines, and also i CwevEC 


making it move right Fie 27 3 iusiration of ie action pal gece 
‘ fr across 

left along hori- the plates and the cathode beam is |, 
zontal lines. Ifwehave bent whilst under the influence of the field. Note 
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‘perform both of these types of motion, it is obvious that we shall be 
able to make it cover the entire working area of the fluorescent 
screen in a series of successive lines, 

The Deflector Plates. The way we make the cathode beam 
shift about is as fol- 
lows: After the beam 
has emerged through 
the hole in the anode 
it is, so to speak, in 
free flight, but if it 
passes through a 
transverse electric 
field, that is, an elec- 
tric field operating in 
a direction at right 
angles to the direction 
of motion of the stream, the latter will be deflected, the bending 
or deflection taking place, of course, parallel to the direction of 
the force in the electric field. Remember that the beam consists 
of a vast collection of electrons, that is, negative particles, 
and these, like any other negative charges, will be repelled 
from a negatively-charged metal plate and attracted towards 
a positively-charged plate. Therefore, all we have to do is 
to arrange a pair of metal plates at a little distance apart, so placed 
that the cathode beam passes between these plates after coming 
through the hole in the anode, and apply a suitable potential 


THE PATH OF THE BEAM 
pa Plate OF bes Matke OF 
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“ELECTOR KLATES CT BR. ne 
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haan | — 

| tesa 
CATHODE GEAM EAM 

98-—-Showing the two pairs of deflector plates 
mutually at right angles through which the cathode 


beam passes after it has em a hy through the hole in 
the an 
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difference to these plates. 
Making the Beam Scan the Screen. 


MOVING THE SPOT 


JLUORESCENT 
SOCEEN 







END OF 
| CATHOOE JUBE 


JSRor LAV 
Our INTO Horiz- 
oni. Bano. 


pha ea ger This is what you see on looking along the 
the tube at the screen aria the cathode rays 
shooting towards your eye from opposi 
the tube. In the centre is the Wight spot “A” 
where the beam normally strikes the screen, whilst 
“BB” shows the effect of apply 


a horizontal 
alternating field to the appropriate of deflector plates 


posite end of 


Let us now go to the 
opposite end of the 
tube and look through 
the glass at the fluor- 
escent screen so that 
the gun is at the far 
end and the cathode 
beam is shooting to- 
wards us. If we 
arrange the pair of 
plates in vertical 
planes, the electric 
field between them 
will be horizontal and 
will deflect the cathode 
beam along a_hori- 
zontal line, either to 
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the right or to the left, according to which way the voltage 
is applied (Fig. 97). They will, however, be unable to deflect it up 
or down. In order to obtain the up-and-down deflection we must 
arrange another pair of plates (Fig. 98), precisely similar to the 
first but in horizontal 

planes, so that the VERTICAL DEFLECTOR 
electric field between 
them is vertical in 
direction, and this field 
will have the effect of 
deflecting the cathode 
beam along vertical 
lines upwards or down- 
wards according to 
which way the voltage 
Ba hed (Fig. 700} "Fig. 100—This diagram illustrates the same type of 


Now wehave these effect as in the previous one, but in this case the 
two sets of deflector other, pair of deflector plates giving the vertical 


electrical field have an alternating voltage applied 
plates we can, by apply- to them 
ing a suitable voltage 
across the first set, shift the bright spot on the screen to any 
required distance to the right, whilst by a suitable voltage on 
the second set of plates we can shift the spot any required distance 
upwards (Fig. 100). By a combination of suitable voltages we 
can, therefore, bring the spot to any desired position on the 
fluorescent screen. 

If the voltage on the pair of plates which creates the horizontal 
electric field is alternating voltage, the bnght spot on the screen 
will run backwards and forwards along a horizontal line, and if 
the alternations are 
sufficiently rapid, we SHIFTING THE BAND 
shall be unable to 





identify the spot, and AMAZON TAL 

will see it instead Gene SHIFTED 
drawn out into a VERTICALLY 
horizontal line or MEAN Position 
narrow band of light. Or BAND. 

If we apply a steady — SCREEN 


voltage to the plates 


which produce the ENO 
vertical electric field, cdl Ae 5A 


we can shift this hori- Fig. 101~-The horizontal band of pon shown in a 


lme higher up ious diagram has been shifted vertically by - 
the screen (Fig. 101). Spplication of a steady vertical electric field to one 


150 BOOK OF PRACTICAL TELEVISION 


If again we apply a slowly alternating vertical field we shall. be 
able to make this horizontal line of light move gradually up 
and down the screen. Finally, if we make the up-and-down 
motion sufficiently rapid, we shall. be able to render the entire 
working area of the screen luminous, and we shall be unable to 
distinguish either the spot itself or the lines. 

Synchronising Impulses. Now you have an outline of the 
manner in which the tube is used for television reception. We have 
seen in previous chapters how the receiving apparatus is kept in 
synchronism with the transmitting apparatus so that the spot of 
light which is flying over the receiving screen and building up the 
picture keeps in step with the spot of light which is scanning or 
exploring the picture at the sending end. The methods actually 
used for synchronising in the case of cathode-ray reception are 
somewhat different from those used in mechanical systems of 
television, but we need not go into these at the moment, as they 
are fully discussed in Chapter 15. It will suffice here to say that 
synchronising impulses are received, which are used to control the 
voltages on these two pairs of deflector plates. One set of syn- 
chronising impulses keeps the spot flying backwards and forwards 
along a horizontal line, whilst the other set keeps these lines in 

gradual procession 
COMPLETE SCANNING over the area of the 
screen (Fig. 102). 

Brightness of the 
Spot. The brightness 
of the spot of light 
produced on the 
fluorescent screen by 


Eno Vew Or the cathode stream 
Carwoot Jioge depends upon _ thie 
amount of electrons 


in the stream —the 


Fig. 102—Showing how the spot at tens is made to copiousness, so to 

scan the entire screen in a series of successive lines, ae 

In practice the lines are not separated as in the a eak and also vee 
diagram but practically merge together their velocity. The 


| amount of electrons 
depends upon the nature and temperature of the cathode, so the 
temperature forms a control of the strength of the beam, and 
therefore of the brightness of the picture. The velocity of the 
electrons depends upon the “ gun voltage,” and this, therefore, 
forms another means of controlling the brightness. We shall sec 
later on how the different methods of control are used fot 
“ modulating " the beam. 
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The Colour of the Received Picture. As for the colour of 
the spot. on the screen, this depends upon the nature of the 
fluorescent material employed. In most cases it gives a bluish or 
greenish colour, which is rather ghostly to anyone not accustomed 
to it, but different materials and mixtures have been found which 
will give a fairly white or sepia illumination under the impact of 
the cathode rays. 

Tube Sensitivity. It will be obvious that the faster the 
electrons. forming the cathode stream are travelling when they 
shoot through the space between the deflector plates, the greater 
will be the strength of the electric field between the plates necessary 
to produce a given deflection of the spot on the screen. To give an 
idea of actual figures, a well-known cathode-ray tube on the market 
has a sensitivity of 350 V/mm. deflection on the screen per volt 
applied to the deflector plates, where V is the gun voltage. Thus, 
with a gun voltage of 350 volts, the deflection will be 1 mm. per 
deflecting volt, so that zo volts would produce a deflection of the 
spot on the screen of 2 cms. 

So far, we have rather assumed that the cathode beam behaves 
itself just as it ought to do, and gives us a nice, finely marked spot 
on the screen. Actually, it does nothing of the sort—unless we take 
special measure to make it do so. In the first place the electrons 
have various small initial speeds when they ‘‘emit” from the 
cathode, and although the strong attraction of the anode pulls 
them all more or less into the same direction, the beam is still very 
diffuse when it reaches the anode. One effect of this is that only 
a relatively small percentage of the beam gets through the anode. 
These electrons are still not travelling in precisely the same 
direction, so that they strike the screen at the other end of the tube 
over a patch of appreciable area. It is very necessary, therefore, 
to find means for sharpening-up the spot on the screen. We can 
do something towards this by adjusting the cathode temperature 
and the grid voltage, 


but the effect of these THE FOCUSING SHIELD 
adjustments is small, 4,o0p¢ 

and we have to rely \ 

mainly upon what ts 

known as a “ shield.”’ — 


Focusing to a | 
Sharp Picture. This 
is a very simple and I am  fFaAMENT) 
Ingenious arrange- Fig 103—The focusing shield, which is a metal tube 
sae and ee ar pear This has a negative potential applied 1. 
a negatively charged it and repels any wandering electrons back to the axis 
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metal cylinder surrounding the cathode and continued practically up 
to the anode (Fig. 103). It is obvious that any electrons which do not 
make straight for their objective (the hole in the anode), but tend 
to wander, will find themselves repelled by the negative cylinder 
and sent back towards the axis of the cylinder, where the forces 
on them balance out. The result is that this cylinder tends to 
concentrate the electron beam into a fine stream along the axis. 
If matters are properly arranged, the axis will pass straight through 
the hole in the anode, and in this way not only will we get most of 
the electrons emitted by the cathode into the useful stream, but 
this stream will also be in the form of a narrow “ pencil ” of the rays, 
giving us more chance of a well-defined spot where it hits the screen. 


THE COMPLETE C.R. TUBE 
ANODE p SHIELD 


LIEFLECTOR as 
VOLTAGE { y CO ruane 
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Pig. 104--A simple diagrammatic layout of the entire cathode tube. Note the high 

voltage battery for maintaining the gun voltage between the cathode and the anode 

the latter being earthed. A suitable resistance gives the necessary voltage difference 

between the cathode and the shield. One of the deflector plates is earthed, the other 

being ‘‘live.’’ On the fluorescent screen the spot ‘‘ A '’ shows 'the normal or mean 

position of the beam, whilst the spot vs *’ indicates the position when the beam 
is ected 


The Negative Shield. This negative shield corresponds, in a 
general way, to the grid of a wireless valve, and like the grid, will 
tend to check the emission of electrons from the cathode if made 
too strongly negative. The negative voltage applied to its depends 
(like the voltage on the deflector plates) upon the speed of the 
electron stream, that is, upon the gun voltage. For a gun of, say, 
350 volts, it will be 15-20 volts, whilst for a gun of ro00 volts it 
may have to be increased to as much as 100 volts. 

You will have noticed that it is a comparatively simple matter 
to use the tubular shield in the region between the cathode and the 
anode, because here the beam remains in the same position always. 
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After passing through the anode, however, it is deflected by the 
deflector plates, often through quite a considerable angle, and so 
it would become a very difficult matter to use any sort of shield tube 
fitted, soto speak, to the beam at this part of its journey. But this 
beam still has a tendency to spread, partly because the electrons 
composing it never were all travelling in exactly the same direction, 
and partly because of the mutual repulsions of the electrons (all 
carrying: similar electrical charges). 

Gas Focusing. Another ingenious dodge is sometimes used 
here. Let us suppose that, instead of the cathode-ray tube being 
exhausted to a very low vacuum, there is a small amount of residual 
gas. {In practice, the air is pumped out “hard” and a small 
quantity of inert gas, such as argon, is then introduced.) This 
means that there will be gas molecules wandering about in the path 
of the electron strocam, and when the electrons hit the molecules, 
they will produce “ ionisation by collision,” with the result that 
some of the molecules will be converted into positive ions. These 
ions will move only slowly (compared to the electrons) and so will 
stay for an appreciable period in the path of the cathode stream. 

The positive ions attract the electrons towards themselves, and 
so have an effect somewhat similar to that of the shield tube. 
Instead of repelling the electrons from a surrounding cylinder 
negatively charged and so forcing them to the axis, as we did with 
the shield, we make a sort of positive core of gas ions and attract 
the electrons to the axis. Just how this takes place is not easy to. 
explain, and is, in fact, rather contrary to what you might expect. 
The fact remains, however, that “‘ gas focusing,”’ as it is called, is 
very effective in certain conditions. 

** Hard ” Tubes. For television purposes, if the strength of the 
beam is being modulated the degree of ionisation is also modu- 
lated, with the inevitable result that the focusing is also varied. 
This is naturally disastrous to the clarity of the picture. Most 
people prefer to use a “‘ hard” tube (highly evacuated), which does 
not depend upon the ionisation effect at all, and to employ special 
forms of gun in order to improve the focus. Hard tubes, by 
the way, need much higher gun voltages, often as much as 
5000 volts. 

Magnetic Deflection. For deflecting the cathode beam so as 
to make it scan the screen, we do not need to use electrostatic 
deflector plates; we can use instead an arrangement of coils so as 
to give magnetic control. The coils for this are located outside 
the tube (Fig, 105). In the same way, we can use a coil ‘‘ around ” 
the tube (that is, coaxial with it} for the purpose of improving the 
focusing. The deflector plates located inside the tube are in 
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general use at the present time, but the magnetic system of deflecting 
has possibilities which may be explored in the future. 

In this.connection it should be mentioned that the cathode beam 
is often very sensitive to stray magnetic fields. The inside of the 
tube is usually coated with graphite or other electrically conducting 

material, to 

USING MAGNETIC DEFLECTORS prevent accu- 

Coy, mulation of 

unwanted 
electric charges 
on the glass, 
but this coating 
only acts as an 
electrostatic 


shield, not 
Fig. 105~—~-Instead of deflector plates, coils may be placed outside Avie 
the tube which, when energised, produce a magnetic field for elec tro meh 

deflecting the electron stream netic. Conse- 


quently, the 
beam is at the mercy of any stray magnetic fields, and so 
precautions must be taken to keep away from leads carrying 
alternating current, or any similar source of trouble. Anyone 
who has worked with cathode-ray television reception knows 
the chaotic effect often produced on the screen by merely 
switching on an electric light nearby, if proper precautions 
for screening have not been taken. 

Power Supplies. The different electrodes in the tube are 
connected by leads, fused through the glass to appropriate ‘‘ pins ” 
in a moulded cap, very much after the style of a radio valve. The 
tube can thus be connected up for use by inserting the pins into 
a corresponding socket. <A 2-volt battery is often used for heating 
the filament, this requiring about 2 watts, that is, a current of 
r amp. at this voltage. If the filament is operated from A.C. 
supply, it is found that the difficulty of sharp focusing 1s increased. 

For the high gun voltage H.T. dry batteries are often used, because 
the actual current consumed is very small—less than a milliampere. 
A mains unit may, however, be employed for convenience, but 
special precautions must be taken to guard against interference. 

As regards the voltages applied to the deflector plates, generally 
one plate from each pair is connected to the anode, which is also 
usually connected to earth. The cathode is the “ live ’’ electrode, 
so far as the gun is concerned, and the other plate of each pair of 
deflector plates is supplied with the appropriate voltage. You will 
temember that for television use the voltages applied to the 
deflector plates are rapidly varying. , 
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The negative voltage on the shield which may be as much as 
100 volts (sometimes much more) is often obtained from batteries, 
but can be derived from an automatic “ grid-bias ” arrangement, 
similar to that used with a wireless valve. 

Fatigue and Wearing Out of the Fluorescent Screen. It 
remains to say something about the life of the tube, for the cathode- 
ray tube, like the wireless valve and the electric lamp, does not 
last for ever. The gun current is very small, normally of the order 
of one-twen- 
tieth of a BRIGHT BLACK AND WHITE EFFECT 
milliamp., but - 
in a gas- anti, 
focused tube Ag) oo : 
(i.e., a’ soft” - 
tube contain- v;: | 
ing a trace of ~~ SS, eae 
gas) the cath- . 


ode is bom- 
barded by Fig. 106—-A modern cathode-ray tube which gives pictures in 

eos practically blackzand white, and with sufficient iftumination for 
heavy positive them to be seen clearly in a lighted room 


gas ions; the 

effect of this is gradually to destroy the efficiency of the cathode as 
an emitter, so that higher and higher values of filament heating 
current become necessary for proper working. The bombardment 
of the cathode is increased by increase in the gun voltage, which, 
however, is necessary sometimes in order to speed up the cathode 
beam and brighten the spot on the fluorescent screen. 

The Life of the Tube. An important factor which limits the 
useful life of the tube is the “fatigue”’ or destruction of the 
fluorescent property of the screen. The greater the intensity or 
the velocity of the electron stream, the sooner the screen matenal 
gets ‘‘ worn out.” The centre spot of the screen is very liable to 
become a “ blind spot,” due to the fact that the operator often 
switches on the tube and allows the full force of the beam to play 
on this spot for an appreciable time, before setting the deflector 
plates to work. 

The life of a cathode tube under normal conditions, like that of 
an electric lamp or radio valve, is often given in round figures as 
1000 hours. 
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Chapter 13 
THE FLUORESCENT SCREEN 


THE NATURE OF FLUORESCENCE—' COLD” LIGHT— 

ATOMS, ELECTRONS, AND PROTONS—HOW ELECTRONS 

PRODUCE LIGHT-—-MATERIALS USED FOR CATHODE-RAY 
SCREEN. 


The fluorescent screen deserves a chapter to itself as the last, 
and perhaps the most vital, link in the chain of cathode-ray tele- 
vision. Its function is to add the finishing touch to the radiated 
signals by making them visible to the eye, and the manner in which 
it performs this duty introduces some of the most interesting 
theories of modern science. 

‘‘Cold”’ Light. In the first place, fluorescence must not be con- 
fused with the intense light given off by bodies at a high temper- 
ature. Like the visible rays produced by a glow-worm, it should 
rather be described as “cold” light. The particular kind of 
fluorescence which is created inside an evacuated tube by the 
impact of a stream of electrons, stands rather in a class by itself. 

Ordinary fluorescence as seen in the crystal known as fluor spar, 
and in various chemical solutions and oils, is due to a special form 
of reflection. In other words, it only shows itself so long as the 
body producing it is being acted upon by rays of light. The fact 
that the reflected light is different in colour from the incident or 
exciting light is due to the peculiar structure of the atoms of the 
fluorescent material. 

Why one substance should be fluorescent, and another not, is a 
mystery we cannot solve—but there it is. A mirror reflects a ray 
of light unaltered, whilst a fluorescent body lowers the frequency 
of the wave in the process of reflection. The altered frequency 
gives the reflected light its new colour. 

Incidentally, the allied effect of phosphorescence is similarly due 
to a “ delayed ”’ reflection, the glow lasting for a considerable time 
after the exciting light has been withdrawn. For this reason it is 
important that the viewing-screen in a cathode-ray tube should 
be as free as possible from any trace of phosphorescence. The 
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scanning movements are far too rapid to tolerate any “ lag,”’ such 
as might cause one picture to overlap the next. Otherwise the whole 
effect would be blurred. 

So far we have only dealt with the kind of fluorescence produced 
by ordinary light. In the cathode-ray tube, however, we are 
concerned with the conversion of high-speed electrons into light 
rays—that is, a change from one form of energy into another of quite 
a different kind. 

Here it is necessary to touch upon the underlying relation between 
matter and electricity and light. | 

Atems, Electrons and Protons. We know that the ultimate 
make-up of matter is atomic. Also that the atom of matter is 
not a solid particle, like a small cannon-balJ, but consists, as shown 
in Fig. 107, of a planetary system 
of fast-moving electrons rotating NOTHING IS SOLID! 
in orbits around a positive centre 
or proton. - 

Similarly the smallest known Pf 
unit of electricity is the electron. eo a 
Since this also forms part of the 
atom of matter, it shows that there 
must be some intimate connection 
between the two. ma ? 

Lastly, we come to light, and \  * see 
here, surprising though it may be, ‘ se - 
we also find an indivisible unit sy O~ Pa 
or “atom” of radiation. Jt is oe ~Q-.00" 
called the proton, but unlike the |. ane: 

ak ; ‘ Fig. 107-——The atom, which is the 
electron it is not an invariable  smattest particle of matter, is not solid 
quantity. In fact, the shorter the eae ce second reat 
wavelength of the light, the centre 
greater is the energy contained in 
each proton or “ packet’ of it. But visible (or other) radiation 
of a given wave-length is always made up of so many protons, 
sach one of which is identical with the others. 

We can now return to fluorescence, first as produced by ordinary 
light, and then as produced inside the cathode-ray tube. 

How Electrons Produce Light. When a ray of light falls 
upon a fluorescent body, one of the protons enters an atom and 
strikes against one of the satellite electrons shown in Fig.107. The 
impact is not sufficient to tear the electron clean away from the atom, 
but it is sufficient to knock the electron momentarily “ off its perch,” 
so that it moves farther away from the centre of the atom. Mean- 
while the proton has lost part of its energy in the impact, so that 
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it swings away or is reflected as a wave of lower frequency, and 
therefore takes on a different colour. It must continue to exist as a 
proton, but having lost part of its original energy, it can only doso 
by readjusting its frequency to a lower wave-length, since, as 
already stated, a long-wave proton possesses less energy than a 
short-wave one. 

Phosphorescence occurs when there is a delay in the return of the 
electron which has been knocked out of its proper orbit. After a 
while it reverts to its normal position, and in doing so radiates 
out the surplus energy it originally acquired from the invader. 

The action which occurs inside the cathode-ray tube is very 
similar, except that it is a case of electron versus electron. One 
of the free electrons in the cathode-ray stream thrusts itself against 
a satellite electron in the atom, and jerks it out of its usual orbit. 
As the latter swings back again to its proper station, it radiates 
the extra energy derived from the impact as a pulse or proton 
of fluorescent light. 

The intensity of the light so produced depends up to a certain 
point upon the velocity of the electrons in the cathode-ray stream. 
As we know, the received picture-signals may be used to control 
the head-on velocity of the stream, in some cases, or to 
regulate the speed at which it sweeps over the fluorescent surface 
(velocity modulation). In both cases the degree of light produced 
at any given point on the screen represents the corresponding 
tone value of the same spot on the original picture. 

Materials Used for Cathode-Ray Screen. One of the 
fluorescent materials used for cathode-ray screens is zinc sulphide, 
which produces a green-coloured light. In the native state it is 
also usually phosphorescent, and is, on this account, often employed 
in combination with a suitable radioactive substance, for coating 

the dials of 
THE COLOURS THEY PRODUCE luminous 


watches. The 
Ca.cium JONGSTATE oa, 


SLICATE cence has 
been found to 

4g Weer belargely 

Fw ~—s due_=to the 

presence of 
foreign 
ta--~ “y the 
Fig. 108—When_ certain “materials are used for the cathode-ray sulphide, $o 
screen a red fluorescence is produced. With other materials colours that when 


of lower wavelength are obtajned. By combining various materials 
a fluorescence giving true ‘black and white pictures is possible used for 
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evita: screens it is frst specially purified by chemical 
treatment. 

Potassium bichromate, as indicated in Fig. 108, will give a red 
fluorescence, and cadmium or calcium tungstate a blue, whilst zinc 
silicate is greenish. It should, perhaps, be mentioned that all these 
substances will produce a more intense fluorescence when subjected 
to the action of X-rays than they do under the impact of electrons ; 
also under X-ray excitation the colour produced shifts more or 
less towards the blue end of the spectrum. ) 

By using certain mixtures it is possible to produce .a fluorescent 
light closely approximating to white. This, of course, gives the 
picture a more natural effect than the greenish, or dark-yellow, 
tints so often seen in cathode-ray reception. For instance, cad- 
mium tungstate gives a light blue under comparatively low voltages, 
whilst zinc phosphate produces a reddish colour. A mixture of 
the two, in the proportion of three to one by weight, will however 
produce a substantially black and white picture on the screen. 


J.C J. 
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CATHODE-RAY SCANNING 


HOW THE PICTURES ARE BUILT UP—INTENSITY MODULATION 
—VARIATION OF FOCUS WITH INTENSITY MODULATION— 
“sort ’’ AND ““HARD’’ TUBES——SHIELD FOCUSING—THE 
DOUBLE ‘GUN CATHODE TUBE—DIVISION OF VOLTAGE 
BETWEEN GUNS—CATHODE-RAY TRANSMITTER SCANNING— 
VELOCITY MODULATION— HESITATING "  LIGHT-SPOT— 
IMPROVEMENT OF FOCUS-——AUTOMATIC SYNCHRONISATION 
—AN ALL-ELECTRIC SCHEME—-A BRIGHTNESS DIFFICULTY— 
LOSS OF DETAIL—MIXING INTENSITY AND VELOCITY 
MODULATIONS—-FUTURE OF THE VELOCITY MODULATION 
SYSTEM. 


We have seen in the last chapter how the cathode-ray beam ts 
made to shift in such a way that the spot, where it impinges on the 
screen, is made to traverse the area of the screen, or “scan ”’ it, 
as it is called, so as to build up the impression of the complete 
picture in the eye of the observer looking at the screen. 

Running the spot in suitable manner over the screen is only one 
of the essentials to the building up of the picture ; the other essential 
is that the spot shall vary suitably in brightness as it passes from 
point to point of the transmitted picture. This variation of the 
light-spot is known as “ modulating,” a term which is already 
familiar to us in connection with radio transmission. In sound 
broadcasting, the carrier waves, or high-frequency ether waves, 
sent out by the transmitter, are modified (or “ modulated ”’) by 
impressing upon them the characteristics of the speech entering the 
transmitting microphone; it is these modulating waves (not the 
high-frequency carrier waves) that are ultimately fed into the 
loudspeaker and reproduced as sound. In the same way the 
modulations of the cathode beam in television reception are used 
to reproduce the light-and-dark characteristics of the transmitted 
picture. 

Intensity Modulation. Now let us consider how this modu- 
lation of the cathode beam in the receiving apparatus is brought 







‘| 
y 
1 NGS gt why My 
wee i ei ie, 


te Ad coal 
ap C= 
a OS ‘ rie A » ee) 
4 ht H v 





A SECTION CUT THROUGH 
THE BACK OF THE EYE 
THE RETINA, A NARROW 
RIBBON-LIKE MEMBRANE, 
CAN BE SEEN. LEFT, IS 
A HIGH-POWER PHOTO. 
MICROGRAPH OF A SMALL 
AREA OF THE RETINA, 
SHOWING THE RODS AND 
CONES (SEE CHAPTER IL.) 


Plate 209 


THE PUPIL OF THE EYE 
IN ITS NORMAL STATE 
IS SEEN ON THE LEFT, 
WHILE BELOW 15S, 
ENLARGED, A VERTICAL 
SECTION CUT THROUGH 
THE FRONT OF THE 
EYE, SHOWING THE 
TRIS AND CRYSTALLINE 
LENS BEHIND IT 
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COMPLETE SYNCHRONISER GEAR FOR Usk ON A MECHANICAL 

VIEWER. THE SYNCHRONISING PULSES ARE FED THROUGH 

THE TWO WINDINGS, WHICH ARE JOINED IN SERIES, AND THE 

TOOTHED WHEEL IS FIAED TO THE ROTATING SCANNER ON 
THE TELEVISION VIEWER 





ATYPICAL MIRROR DRUM, DESIGNED FOR RECEPTION OF LOW 

DEFINITION TRANSMISSIONS. NOTE THE INDIVIDUAL MOUNT- 

ING OF EACH MIRROR. THE KNOB CONTROL IS FOR SWINGING 

THE SYNCHRONISER BACKWARDS OR FORWARDS TO OBTAIN 
CORRECT FRAMING OF THE PICTURE 
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A BAIRD MICRO-WAVE TRANSMITTER FOR RELAYING HIGH 
DEFINITION TELEVISION PROGRAMMES OVER ANY DISTANCE 
UP TO TEN MILES 
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THE CASE AND INTERIOR OF A 30-LINE TELEVISOR. SYN- 
CHRONISING GEAR IS CONTAINED IN THE ROUND METAL BOX 
ON THE END OF THE MOTOR BODY 
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about. Broadly, there are two systems of modulation of the 
cathode beam. The first is called ‘‘ intensity modulation ” and the 
second “velocity modulation.” In intensity modulation the 
strength or intensity of the cathode beam is controlled or modulated, 
whilst in velocity modulation the speed with which the beam 
traverses the screen is the factor which is controlled or modulated. 
We are now in a position to study these two methods more closely ; 
we will deal with intensity modulation first. 

Variation of Focus With Intensity Modulation. You will 
remember that the brightness of the spot on the screen will be 
increased if we increase the amount of electrons in the cathode beam, 
or their velocity (or both). The voltage of the shield forms a 
convenient control of the intensity of the light-spot, and under 
suitable conditions we can obtain the maximum variation of 
brightness with a variation of the shield voltage of about 20-30 volts. 
If the tube is a “ soft ’’ one, in which use is made of “ gas focusing ” 
(as previously described) the sharpness of the focus will vary with 
the gun current, that is, with the shield voltage. Variations in the 
focus, or size, of the spot will have the same effect as variations in 
the intensity, but unfortunately these two effects work in opposition. 
Otherwise we might be able to turn this accidental circumstance 
to useful account. When we increase the gun current for the 
purpose of increasing the brightness of the spot, that is just the 
time when the spot becomes less sharply focused. 

‘“‘Soft’’ and “‘Hard’’ Tubes. If we take a given gun voltage, say 
600 volts, and then plot on a graph the variations of gun current 
with shield voltage, we shall see that the gun current increases 
rapidly as the negative shield voltage is decreased. It will help us 
very much if we think of the whole arrangement of cathode shield 
and gun (or anode, as 
it is best to call it) as Bye eters anne 
corresponding 
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tube, the gun current, with 600 volts across the gun, will vary from 
zero at a shield voltage of 45 volts, up to 200 microamperes at a 
shield voltage of about 20 volts (Figs. rog and 110). At the same 


time, however, the 
size of the spot will 
generally increase 
with the gun current, 
so that for best 
focusing we really 
want to work at low 
gun currents. A low 
gun current, how- 
ever, means a poor 
brightness of the spot. 
Thus we go round a 

cious circle. 

Shield Focusing. 
If we turn from using 
a soft tube to a 


SPOT FOCUS VARIATION 
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Fig. 110--Graph sho how the focus of the spot 
varies with intensity tion. The intensity modula- 


tion is brought about by the variation of the shield 
Voltage and, as will be seen, this produces considerable 


variations in the aize of the t on the screen, that is, int 
the focusing. i aries Seve seer Sewn voltage 
° volts 


hard one (Fig. 111), that is, a tube practically free from residual gas, 
we shall find that the focus of the spot is to a large extent inde- 
pendent of the gun current. This is very good so far as it goes, 





but now we find ourselves 
difficulty, because we are deprived of the 


, = elogelgt tr map 


in another 


advantage of gas focusing and have to 


rely upon shield focusing. So that al- 


though the focus is fairly constant, it is not 


THE HARD TUBE 
: Fig. x11-—The electrode structure of a “hard "’ 


: eathode-ray tube. The cathode is located centrally 
: behind an aperture in 
: earicng modula 


x and is sur- 


anode. 
ng electrode, whilst 
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The Double Gun Cathode Tube. This difficulty has been the 
subject of a great deal of research work, and the most promising 
attempts towards a solution seem to lie in the direction of using a 

“ double gun” (Fig. 113). 

FOR This arrangement is precisely similar to 

OSCILLOGRAPHS that already described, except that a 
S metallic cone is used at the flared end of 

the tube, forming a kind of second anode. 
The total anode voltage, or gun voltage, is 
divided between the conventional gun, 
which we will now call the first gun, and 
this conducting cone, which we call the 
second gun. The voltage allotted to the 
first gun is usually a few hundred volts, 
and the cathode beam passes between the 
deflector plates after leaving the first gun 
but before entering the second gun. 

Division of Voltage Between Guns. 
The velocity of the electrons is not yet 
very great (as they have so far only fallen 
through a potential difference of a few 
hundred volts), and so they are 
comparatively easily deflected by the 
deflector voltages. After deflection, how- 
# ever, they pass on to the sccond gun, 
Fig. 112--A view of the Where they are subjected to a voltage of 
electrode arrangement of a several thousand volts. This very ingenious 
pia raiate Sener arrangement has been used by many 

(Cossor) workers in this field, in various forms, and 

seems to be a practical solution to the 

difficulties we have been discussing. The use of the double gun 
will come up again for discussion presently. 

Cathode-Ray Transmitter Scanning. Before leaving this 
part of the subject we may, perhaps, refer briefly to the use of the 
cathode-ray tube for scanning the “ subject ” at the transmitter. 
One simple way of doing this is illustrated in the accompanying 
figure as applied to the scanning of a film subject (Fig. 114). The 
cathode beam is made to scan the fluorescent screen in the usual 
way, and an image of the flying spot is focused, by means of a 
lens system, upon the film picture to be transmitted. Matters are 
so adjusted that as the spot traverses the area of the screen, so 
the image of the spot traverses the area of the film picture. Behind 
the film is a photo-cell, and the light from the fluorescent. spot, on 
passing through the film, falls upon the cell. Obviously the amount 
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of light falling on the éell will vary ifeea instant to instant as the 
image of the spot flies over the light and dark parts of the picture. 
Synchronisation of the light spots at transmitting and receiving 
ends is carried 

A DOUBLE-GUN CATHODE TUBE out as de- 
scribed in an- 
other chapter. 
Velocity 
Modulation. 
Now we come 
to the other 
method of 
modulation to 
which we 


113—The electrode system of a ee ee cathode tube. referred a t 
The cathode, shield, and first gun, together with the first and the beginning 
second sets of deflector plates, are seen as before, but in addition € beginning 
there is a conical metal shield in the wide end of the tube, which of this chap- 
has a voltage of several thousand volts above the other electrodes 

applied to it and forms a second accelerator or gun ter, namely, 


velocity 
modulation. To understand the underlying principle of this, let 
us take a simple illustration. Take in your hand a glowing match 
and wave it rapidly to and fro (not in a circle) through a distance 
of, say, six inches (Fig. 115). You will notice that at the ends 
of its excursions it will appear much brighter than at the inter- 
mediate positions. This is due to the fact that the match is moving 
most rapidly at the middle part of its journey, whereas it is slowing 
up as it comes to the end, and at the end of each journey 
it is momentarily at rest. Consequently there is, so to speak, 
more time for the eye to see it at the ends of the journeys than at 
the middle. The same sort of thing will be seen if you stretch a 
string between two supports and then “ twang” it in the middle ; 
it will vibrate to and fro rapidly, and you will see it clearly at the 
two extreme positions, but only hazily in the intermediate part. 
This is because it is moving rapidly at the middle and is stationary 
at the ends (Fig. 116). 

** Hesitating ’’ Light-Spot. We have seen then that we can 
make a spot of light, of constant brightness, appear to vary in 
brightness according to the speed or velocity with which we move 
it about. Let us apply this to the television receiving screen. 

Suppose the spot of light which is moving over the screen in 
the cathode-ray tube “hesitates’’ for a little on a particular 
point, that point will appear brighter than the rest of the screen. 
Now suppose the scanning spot at the transmitting end can be 
made to hesitate or move more slowly at the bright parts of the 
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picture, and more rapidly over the dark parts, and that the scanning 
spot at the receiving end can be made to follow suit, clearly we 
shall have a simple means of building up the picture, even though 
the cathode beam be of constant intensity. You see then that we 
can move the beam over the screen at constant velocity, whilst 
modulating its intensity from point to point (“ intensity modula- 
tion "') or we can move a constant-intensity beam over the screen 
whilst mod- 


ulating its SCANNING A FILM 










velocity from ONTHIOOE 
point to point Sd FUGE “,y 
(“velocity : 

? SCREEN 


modulation’’). 
Note that 
velocity 
mod ulation 
refers to the 
velocity of 
traverse of the 
light-spot 
over the 


screen,notthe _. _ 

; Fig, 114—Illustrating the principle of cathode-ray scanning of a 
velocity ofthe im atthe transmitting end. The working area of the cathode 
electrons in screen is focused by means of a lens system upon the picture 

area of the film. The fluorescent spot scans the screen and 
the cathode consequently the image of the spot scans the film; the light 
stream. as passing through the film (which is fluctuating in brightness 
By ie according to the light and dark parts) then falls upon the 

some people photo-cell 


Imagine. 

Improvement of Focus. You will remember that one of the 
fundamental difficulties of intensity modulation was the variation 
of the focusing with variations of the gun current. With velocity 
modulation, however, we have a system which (apart from any 
other drawback it may have, which we will look into presently) 
has at once the great advantage that the gun current is constant 
and therefore the focusing trouble is abolished at one fell swoop! 

It will be convenient to consider again the transmitting end of 
the system. Here we have precisely the same arrangement as 
that already described, the beam scanning over the fluorescent 
screen, the image of the spot being focused on the subject (film) 
and scanning it in similar manner, the transmitted light (fluctuating 
as it passes over bright and dark parts) falling on a photo-cell 
behind the film. The additional feature, however, is that part of 
the output from the photo-cell amplifier is now turned back and 
used to control the scanning speed of the beam—a kind of 
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“ reaction ” or “ feed back ” effect. Thus when the scanning spot 

is passing a bright part on the film the increased output from 

the photo-cell has the effect of slowing down the spot, whilst the 

reduced output from the photo-cell when a dark part is encountered 
has the effect of speeding up the rate of traverse of the spot. 

Aw tomatic 

ILLUSTRATING VELOCITY MODULATION _—Synchronisa- 


tion. If you 
— think about it 





POSITIONS | 
Bo, FAG Lat Et COURSED for a moment 
% you will see 


a7. that since a 


0@ 4 

£¢-" \ bright spot on; 
Fig. 115-—Illustrating the ‘ a ‘ 
ciple of velocity modulation. } , F the film means: 
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picture on the 
fluorescent screen of the transmitting cathode-ray tube. For this 
reason it is sometimes said that the tube, in this arrangement, 
s “ self-monitoring.’ This is very interesting, but a much more 
important point which emerges here is that, by a very simple 
process, we can dispense with ordinary synchronising arrangements 
between transmitter and receiver! The deflector plates of the 
transmitter are subject to certain fluctuating voltages (characteristic 
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of the film picture) ; if we can transmit these fluctuations to the 
deflector plates of the receiver, we have everything needed. 

An All-Electric Scheme. The only drawback to this is that 
it requires two separate transmission channels, and as one of the 
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great problems of television generally is the provision of channels, 
this is a serious objection. We must, for practical purposes, 
confine ourselves to one channel, and therefore we have to sacrifice 
part of the “complete absence of synchronisation” feature. 
What is done is to make the transmission “ self-synchronising ” 
as regards the line-scanning, using a synchronising impulse (on 
the same transmission channel) for taking care of the picture- 
scanning. The synchronising signal used for the pictures is of 
such a character that it needs no adjustment at the receiving end. 
In other words, although there is in reality a synchronising signal, 
it is automatic, so that for practical purposes the system is self- 
synchronising. Furthermore, everything is electrical (that is, 
there is nothing “ mechanical ”’) at both transmitting and receiving 
ends. 

A Brightness Difficulty. A possible difficulty that will 
occur to you is this. Suppose we strike a run of a few very bright 
pictures on the film (assuming now that the film is passing forward 
at the usual rate), the scanning spot will move more slowly and 
the pictures will not be completed in the time allotted per picture. 
To get over this, the mean scanning specd is made constant by a 
very simple circuit arrangement. 

We have already seen that at the receiving end all we have 
to do is to feed the received impulses to the cathode tube tn such 
a way that the two pairs of deflector plates change their respective 
voltages in a manner corresponding to those of the deflectors of 
the transmitter. The absolute brightness of the received picture 
(or the average or mean brightness) may not be at all similar to 
that on the transmitting tube; it depends, obviously, upon the 
gun voltage, cathode temperature, and other conditions in the 
receiving tube itself. 

Loss of Detail. So far we have seen the advantages of the 
velocity modulation system, which are undoubtedly very remark- 
able. It has, however, the disadvantage that, since it depends 
for the dark parts of the picture upon extreme rapidity of movement 
of the cathode beam, there is a tendency for the “ detail’ in the 
dark parts to be lost, albeit the detail in the bmght parts may 
be very good. To get over this drawback, it has been found 
useful to employ a kind of mixture of the two tvpes of modulation 
which we have discussed, that is, velocity and intensity modulation. 

Mixing Intensity and Velocity Modulations. To understand 
this, let us suppose that the pure velocity modulation system 1s 
used, but the difference in the velocity between dark and bright 
parts of the picture is not very pronounced. On the receiving 
screen what we shall get will be a reproduction of the original, 
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but with insufficient contrast between bright and dark, If now 
we superimpose on this, as it were, an intensity modulation, we 
shall be able to improve the contrast without speeding up the 
velocity modulation system. Where the scanning spot is moving 
slowly, making a bright part on the picture, the shield voltage 
will be automatically reduced, thereby increasing the gun current 
and so increasing the intensity of the beam. You will recollect 
that the great disadvantage of the intensity modulation system 
was the variation of focus with modulation, and you may therefore 
conclude that this difficulty will be reimported into the scheme 
if we use intensity modulation again. 

It is found in practice, however, that by splitting up the modula- 
tion into two parts, giving one part to velocity modulation and 
the other to intensity modulation, we can get the best out of each 
system and, to a large extent, avoid the peculiar drawbacks of 
each. In other words, since the degree of modulation called for 
on each system is relatively small, we get both systems working 
in favourable conditions. 

Future of the Velocity Modulation System. It is perhaps 
early days to say what the possibilities of the velocity modulation 
system may be. It has the very great (and very extraordinary) 
advantage that for practical purposes there is a complete absence 
of synchronisation, whilst a minor but nevertheless important 
point is that it is adapted for use with ordinary cathode tubes 
and does not require any of special or complicated design. At 
first sight you would think that velocity modulation would be much 
more complicated than intensity modulation, but it turns out to 
be extremely simple. Many experts believe that the future of 
television lies along these lines, but that is yet on the knees of 
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BUILDING UP TIME BASES 


THE TWO METHODS OF DEFLECTION—-MOVEMENT OF THE 
BEAM—CHARGING THE CONDENSER-——USE OF GAS-FILLED 
RELAY —~- SYNCHRONISING —- THE HIGH-VOLTAGE CIRCUIT-— 
CIRCUITS USING HARD VALVES-—-THE MULTI-VIBRATOR. 


A large number of circuits have been developed for producing 
the scanning lines on the screen of the cathode-ray tube, some 
of which appear very complex at first glance. If, however, the 
basic principles of the scanning circuit are understood the reader 
will have no difficulty in following the modifications which have 
been made or in seeing the reason for them. 

The problem of scanning is quite definite and can be stated 
thus: The beam must be moved across the screen at a definite 
and uniform rate, ie., it must cover equal distances in equal 
intervals of time. At the end of its travel the beam must return 
to the point from which it started with the minimum of delay. 

While the beam is swinging to and fro across the screen in one 
direction a second similar movement is given to it, which displaces 
it by small amounts in the direction at right angles to its movement. 
Thus each swing of the beam occurs at a slightly different point 
on the screen, and the combined movement gives it the appearance 
of drawing a series of lines across the face of the tube. 

The two movements are identical in action except that one is 
at right angles to the other and at a different rate. The two rates of 
movement for a high definition 240-line screen are shown in Fig. 117, 
from which it is seen that the horizontal travel of the beam must 
be accomplished in 1/6o000th sec. and the vertical “ ratcheting ” 
movement is moving the beam completely across the screen in 
1/25th sec. At the end of the travel the beam has scanned the 
screen once and returns to its initial position ready to make the 
journey again. Since the two movements are the same it is only 
necessary for us to consider the fundamental problem of how to 
move the beam uniformly across the screen and return it after a 
piven length has been travelled. 
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We have seen that there are two ways by which the beam can 
be deflected electromagnetically, by means of coils, and electro- 
statically by means of a potential applied to the deflector plates. 
Here again, since the current 
through a coil is proportional 
to the potential across it 
(neglecting for the moment 
any complications due to 
inductance), we can Jeave the 
first and consider only the 
deflection of the beam by a 
potential on the plates of the 
tube. 

Movement of the Beam. 
The movement of the beam 
in a high vacuum tube is 
proportional to the potential 
applied to the plates, and it 
will follow variations in the 
potential lasting for 1/1,000,000th sec. with ease! We can, 
therefore, turn our requirements in movement into terms of 
potential on the plates, and state that in order to give a uniform 
travel to the beam, a uniformly increasing potential must be applied 
to the plates. 

Suppose, for example, that the beam moved 0.5 mm. for each 
volt applied to the plates. If a potential were applied increasing 
uniformly from o to 100 volts in 1 sec., the rate of increase would be 
x volt in 1/1ooth sec. and the beam would travel across the screen 
at the rate of 0.5 mm. per 1/r1ooth sec., completing its journey of 
50mm. in 1 sec. Now, if at 
the end of that time the 
potential were switched off, 
the beam would immediately 
fly back to its original 
position until the switch 
closed again (Pig. 118). 

The scanning problem 
therefore reduces to the pro- 
vision of a potential which 
can be increased uniformly 
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Fig, 117—The path of the beam on the screen 

of the tube when drawing a high definition 

television screen. The speed of travel is 
shown in each direction 
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Fig. 118—-A uniformly increasing voltage 
applied to the deflector plates produces a 
uniform movement of the bear. 


BUILDING OUP TIME BASEs — 17I 


potentiometer with a rotating contact arm arranged to tap off 
uniformly increasing potentials from the wire, and then, at a given 
moment, open-circuiting the supply. 

This is not practically possible though, on account of the high 
speed of movement required. No mechanical contact could with- 
stand a repeated travel of 1/25th second duration, much less one 
of 1/6000th sec. A satisfactory mechanical ‘“ contact maker” has 
been made, although the only mechanical part about it was a small 
motor which drove a disc with a graduated aperture on its circum- 
ference. 

Through this aper- 
EFFECT OF RESISTANCE ture a light shone on 
a photo-cell, the 
current in which in- 
creased uniformly 
with the increased 
light falling on it from 
the aperture. By 
means of the usual 
amplifier this current 
variation was 
translated into 
potential increase at 
the output stage, 
which was then 
connected to the 
deflector plates. 

This system cannot 

Movement OF BEAM IN LQUAL be said to be truly 


TIME INTERVALS mechanical, since the 


Fig. 119-——-The curve of condenser voltage when = ; 
charging through a resistance R. Since the increase essential P art wes the 
is non-uniform the beam will move irregularly as shown photo-cell, but it Is 


interesting as showing 

a method of adapting a well-known electrical effect. 

By far the most simple and satisfactory way of producing a 
uniformly increasing potential is that of charging a condenser. 

The deflector plates of the tube being virtually an ‘ open- 
circuit’ can be connected across the terminals of the condenser 
and will experience whatever change in voltage takes place across 
the terminals. 

Charging the Condenser. If a condenser is connected across 
a H.T. battery, through a resistance, we know that it will become 
charged, that is, current will flow into the condenser untilits potential 
ig equal to that of the H.T. applied. The charging current at the 
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moment when the switch is closed is very high, but falls in value 
until when the condenser is fully charged it is zero. The variation 
in charging current is not uniform, but follows what is called an 
‘exponential law.” This term is best understood by referring to 

Fig. 119, which is a curve of 


USING A PENTODE current flowing into the con- 
Se Se ee ee denser for a given time. 
ae hares The potential across the 





condenser will rise according 
toasimilar law, and its curve, 
plotted to the same time 
scale, will be the thick line. 
The formula from which the 
value of voltage is found at 
any instant, is too complex 
| to be dealt with here, but 

a ———— ™ one important point may be 
ie paiaasee of Fig 119 pddteel barr aan noted: the time taken for 

charging rate to the condenser the condenser potential to 

reach a given point on the 

curve is dependent on the product CR, C being the capacity of 
the condenser in farads and R the charging resistance in ohms. 

The effect of these constants will be seen later in Fig. 125. Con- 
sidering the curve shown it is obvious that the potential applied 
to the deflector plates will not give a uniform movement to the 
beam ; in fact, the movement will be that of the line shown under- 
neath the curve, where the divisions represent equal intervals 
of time. A modification must be made to the circuit to produce a 
linear rate of increase of the condenser potential, and this is done 
by replacing the resistance with a valve of the pentode type. The 
characteristic of such a valve, as is well known, gives a constant. 
anode current over a wide range of anode voltage variation. 

The circuit is then connected asin Fig. 120. When the condenser 
is switched on, the potential across it is zero and the charging 
current immediately flows. As the potential rises, the anode 
voltage of the pentode falls, the sum of the two potentials always 
equalling the applied H.T. voltage. Because of the pentode 
characteristic, however, the falling anode voltage produces 
negligible change in the charging current through the valve, and 
the condenser continues to charge at a constant rate. 

The rise in condenser potential instead of following the curve 
of Fig. 119 is straightened out and becomes approximately a uniform 
increase with respect to time. If the pentode characteristic were 
a horizontal line the charging curve would be quite straight, but in 
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practice it is sufficiently linear for us to use this circuit as a means 
of producing a uniform movement in the beam. 

The next step is the provision of some arrangement for short- 
circuiting and discharging the condenser at a given potential. 
Here again a mechanical device, such as a rotating contact, is 
possible but not desir- 


able. Jf we can use DISCHARGING THE CONDENSER 
electrical means it 

will be quieter and Auares,| 
less liable to develop Ne ss 
trouble. The use of 


a neon lamp connected 


across the condenser oe a 

will give the required va ra ra 

action, since the ' , 
CAE-Coaance 


impedance of the lamp 
when the glow starts 


1s Very low. The neon Fig. 121—Discharging the condenser by means of a 


lamp has the further neon lamp connected across its terminals. The 
: ‘ curve below shows the variation of voltage as the con- 
property of maintain- denser charges and discharges 


ing its discharge 

although the voltage across it may be reduced below that required 
to start the discharge: a kind of “ glow lag.” Accordingly, the 
lamp is connected across the condenser as shown in Fig. 121, and the 
action is then as follows: The condenser charges at a uniform rate 
according to the curve until its potential is about 170 v. This is 
sufficient to start the discharge in the lamp, i.e. to “strike” it. As 
soon as the lamp strikes the condenser discharges through its low 
impedance path and the potential rapidly falls. The glow will 
persist until the potential across the lamp has fallen to about 130, 
when it will go out and the lamp impedance rises again. The 
condenser then re-charges to the original high value, discharges 
again, and so on, at a rate depending on the value of charging 
impedance and its own capacity. 

Use of Gas-Filled Relay. The curve below the diagram shows 
the voltage changes taking place across the condenser, which are 
in the nature of a saw-tooth wave, in fact, this name is given to 
types of oscillation produced by the discharge of a condenser in the 
circuits similar to the one shown. The total variation of voltage 
applied to the deflecting plates is only 170—130, 40 v., and this is 
insufficient to give a full traverse to the beam. The output from 
the neon lamp can therefore be amplified by one or more valve stages, 
until the voltage swing in the output stage is sufficient. The actual 
value required is dependent on the sensitivity of the tube used, 
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but if a 7-in. screen is to be covered, at least 300 volts will be naeaed: 
For this reason, and for other disadvantages which will be seen. 
later, the neon lamp discharge device is not used to a great extent. 
A great improvement can be made by replacing the neon lamp 
with a gas-filled relay, such as the so-called “ thyratron.""* The 
gas-filled relay is really a “ soft ’’ three-electrode valve, in which a 
globule of mercury is introduced, thus filling the bulb with mercury 
vapour. When the cathode is heated the electrons produced 
collide with the vapour particles producing positive tons. 

These ions migrate to the cathode, being positively charged, and 
set up a conducting path in the cathode-anode space. The presence 
of the ions enables a much heavier current to be handled by the valve 
than if it relied on plain electronic emission. An important effect 
of'the positive ions is to reduce the impedance of the valve to a very 
low value, and the current flowing in the anode circuit is therefore 


only limited by the external resistance in the circuit. 
The anode voltage required to produce ionisation is only 15-20 
volts, and hence the flow of current in the valve will take place as 
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to attract positiveions and not to affect the electron emission. Be- 
fore the discharge can be stopped the anode potential must be 
reduced below the ionisation value of 15 v. The “control ratio” 
of the relay is the amount by which the anode potential must 
be raised to start ionisation for each volt applied to the grid. 

| The curve of Fig. 122is that of the Ediswan MR/AC.1relay and 
shows the relation between the striking potential and the grid bias. 
The control ratio is thus 20-1. In practice, after the valve has been 
running for a little time the pressure of the mercury vapour increases 
and this has the effect 

of altering the value INTRODUCING A RELAY 
of anode potential at +-- - 

which the discharge 
commences. 

It is usually 
necessary to run the 
valves for a few 
minutes to allow them 
to become stable, be- 
fore any adjustments _ | 
are made to the circuit. Fig. 123——The neon lamp of Fig. 124 has been replaced 
If the mercury vapour by a — cosecues is wai Aas eid ot the 
is replaced with an Papape nner geen tenge ee wee a 
inert gas, such as 
helium or argon, there is less tendency to variation in the tonising 
potential, and more stable operation is obtained. The gas-filled 
type of relay is thus more suitable for television circuits. The full 
circuit using a gas-filled relay for discharging the condenser is shown 
in Fig. 123. 

The anode and cathode are connected across the condenser, and 
the grid of the relay is biased from a battery and potentiometer. 
Suppose the bias applied is 10 volts. With a control ratio of 20-1 
this means that the anode potential will have to reach 200 volts 
before the discharge will commence. The condenser will therefore 
charge to 200 volts, but once the discharge has commenced it will 
continue until the potential has fallen below 15 volts. Herein hes 
the advantage of the relay as a discharger—the range of voltage 
is greatly increased and the travel of the beam is correspondingly 
greater. 

Synchronising. The length of travel is also controllable by 
the bias applied to the grid, which, of course, is not possible in the 
case of the neon lamp. In the diagram of Fig. 123 a terminal will be 
noted marked “Synch.,” short for “synchronising.” This is 
connected through a high resistance and an isolating condenser 
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to the grid of the relay, and has a very important part in anaes 
scanning since it enables the speed of discharge of the condenser to be 
kept in step with the received picture impulses. 

The action of the s yn- 


THE SYNCHRONISING IMPULSE chronising circuit is seen in 







+ a? * the diagram of Fig. 124. 
MCWOSES Suppose a sine wave of low 
mere 20 ae ; voltage is applied between the 
ied y Synch.” terminal and the 
CONDENSER Rs cathode of the relay. The 
POTENTIAL y, erid will then have a fluctuat- 
, ing potential applied to it 
/ which will add to and subtract 
Ps from the bias at regular 
a | intervals. This is shown by 
aw the curve below the zero line 

| Laas in the diagram. 


_ Now suppose that the con- 


St iia eo denser circuit is adjusted to 
‘f sh * * * 
Fig. 124-—-How the synchronising impulse charge to 200 v. in 22 milli 


applied to the grid discharges ¢ the condenser seconds corresponding to a 
aE reger intersars speed of 45 discharges per 
second. At the end of 20 
milliseconds the condenser will not have reached 200 volts, but 
the bias applied to the grid of the relay will be reduced by the 
peak of the applied sine wave which occurs every 20 milliseconds. 
The striking voltage of the relay will thus be reduced by a few 
volts, and the condenser will discharge. In other words, the 
condenser is being forced to discharge at the end of every 20 ms. 
whether it has reached 200 volts or not. This means, that if 
the scanning speed tends to lag it is automatically pulled into step 
with the incoming signal. The synchronising impulse is most 
effective on a slow-running relay ; if the condenser timing is faster 
than the synchronising impulse it will have discharged and be 
commencing the next charge before the grid bias is altered by the 
incoming wave. Fig. 123 can therefore be taken to represent the 
fundamental circuit on which the scanning arrangement is based. 
To scan the screen in two planes, two condenser-relay com- 
binations will be required, one to produce the line travel at 6000 
sweeps per second, and the other to move the beam completely 
across the screen 25 times per second. Since the speed of scan is 
proportional to the product C.R., there is, obviously, an infinite 
number of values of capacity and resistance which can be chosen 
to give a certain speed. 
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The practical limitation to the values is set by the behaviour 
of the relay itself. If the condenser is too big, an excessive current 
will flow through the relay on discharge and heavy sparking will 
take place at the cathode. If too small, there is a possibility of 
unwanted oscillations taking place in the discharge circuit. A 
heavy discharge current can be prevented by the insertion of a 
resistance in the anode circuit of the relay, but this has the effect of 
slowing down the discharge of the condenser, and the return stroke 
of the beam then interferes with the scanning. 

Normally, the return stroke only occupies a few millionths of a 
second—the time taken for the discharge to start in the relay— 
but if the resistance of the discharge path is appreciable the time 
taken for the beam to return to its original position becomes com- 
parable with the speed of travel, and the scanning lines will appear 
as a zig-zag. 

High Voltage Circuit. A successful attempt has been made to 
simplify the circuit of Fig. 123 by reverting to the resistance charging 
arrangement, and raising the applied potential. The curve of 
charging potential is,as we have seen, logarithmic, but if a magnified 
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portion is taken at the commencement it will be found to be 
practically linear. 

This linear portion can be used to produce the beam deflecting 
potential provided that the relay strikes before it becomes too 
curved, To ensure sufficient potential to give a full travel to the 
beam the H.T. applied to the scanning circuit must be high in order 
that the linear part of the curve reaches 200-300 volts. 

This requires 1500-2000 volts. The curve of Fig. 125 is plotted 
from actual values of condenser and resistance, and shows the 
point at which the curve departs from the straight to such an 
extent that the scanning would not be uniform. The dotted line 
shows the time interval required for a 1/6000th sec. scan, and pro- 
vided that the condenscr potential reaches a valuc between 2-300 
volts at this point a satisfactory scanning circuit results. 

The replacement of the pentode by the resistance is more 
economical and leads to greater constancy, but the drawback of 
the high voltage required limits the application of the circuit and 
necessitates specially picked components. For experimental work, 
however, it is simple to construct and reliable in operation. 

Circuits Using Hard Valves. The gas-filled relay in itself is 
not free from certain disadvantages, which have led investigators 
to develop circuits avoiding its use. Apart from the variation 
introduced by temperature, mentioned earlier in this chapter, the 
operation of the relay makes the speed of travel and the length of 
travel, tosome extent, dependent on one another. This means that 
an alteration in length of scan will affect the speed of charge and 
discharge, and compensation must be made each time the length 
is adjusted. 

A circuit in which hard valves are used is inherently more stable 
and constant in operation than one using a gas discharge device. 
Modern thermionic valves are made to such high standards and are 
so reliable that their performance can be estimated with great, 
accuracy. The problem in designing hard valve circuits is to 
imitate the rapid dischurge which is so successfully accomplished 
by the thyratron, and this is not easy, since the characteristic of the 
triode valve is one of gradual change of current. 

The control grid has no trigger action, as in the case of the relay, 
but only serves to control the value of anode current. 

The solution is found in devising some form of oscillatory circuit 
in which a condenser is involved and in which the wave-form 
approximates to that of the saw-tooth given in Fig. r2r. 

Here we are helped by the properties of inductive circuits, 
since a choke or a choke in combination with a condenser can be 
arranged to produce an artificial distortion in any wave, and 
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can thus be made to give the required shape to the discharge 
curve. One or two oscillatory circuits, however, will givé saw-tooth 
waves of their own accord, and among them a very good example 
is the “ ticking grid" oscillator invented by Prof. Appleton. The 
circuit of this is shown in Fig. 126, and its action is the reverse of 
the circuits just described in that the condenser charges rapidly 
and discharges slowly and uniformly. 

The circuit is the ordinary coupled valve oscillator with a 
condenser C in the grid circuit. Across the condenser is a shunt 
resistance R. shown dotted in Fig. 126. The coils are tuned to 
oscillate at a high frequency. 

If R is high, when the circuit is oscillating the condenser C 
charges up and makes the grid of the valve negative with respect 
to the cathode. The anode current falls and the oscillations cease. 
The condenser now loses its charge by leakage through the 
resistance at a rate depending on the values of C and R. As soon 
as the condenser is discharged, the grid potential falls and the 
anode current rises. 

The circuit then commences to oscillate again and the condenser 
re-charges. A true linear discharge of condenser can be obtained 
by using a diode in place of 
the resistance R as shown by AN APPLETON CIRCUIT 
D in Fig. 126, but if the a : 
amplitude of voltage change 
is sufficiently small it is linear 
for reasons which have been 
discussed previously. The 
circuit requires a valve ampli- 
fying stage to produce 
sufficient voltage change on 
the deflector plates. 

The circuit can be syn- 






if 


chronised by applying the | 4 Pe 
signal through a condenser or ada? 
transformer in the anode See. 


3’ 
circuit of the valve. This mm vw. 
circuit is a neat one and + ean) 
ilustrates the type required ace Ticking era’ i ecto ie 
for producing satisfactory by the periodic discharge of a condenser 

scanning potentials. The out- 

put voltage is very low, however, but this is inevitable in most 
oscillatory circuits, 

The Multi-Vibrator. Another important oscillatory circuit 
which forms the basis of most modern hard valve circuits is that 
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known as the “ multi-vibrator,” so-called from its ability to 
oscillate at a number of frequencies, each of which is a multiple or 
sub-multiple of the fundamental frequency. 
The circuit, which is shown 
USEFUL FOR TESTING in Fig. 127 is really a two- 
: stage resistance coupled 
amplifier in which the output 
from the second valve is fed 
back to the grid of the first. 
The action is as follows: 
Suppose that the anode cur- 
rent of V2 is momentarily 
increased by a small amount, 
such as is caused by a fluctu- 
ation in emission. The drop 
in the anode resistance in- 
creases, and the potential 
across the anode of the valve 
falls. This fall is commu- 
Fig. xr27—The ‘‘ multi-vibrator’’ is an nicated to the grid of the 
any accel cameseh ten ake'es first valve by the coupling 
sised aé ax oscillator for test work condenser C2, and the anode 
current of Vi also falls, but 
by a greater amount than the increase in the current of the 
valve V2. 

The anode potential of Vr will therefore rise, and this rise will be 
passed on to the grid of V2 by the coupling condenser Cz. The 
increase in grid potential of V2 causes a further rapid increase in 
anode current, which is handed on in turn. Eventually the grid 
of Vr becomes so negative that the anode current in Vi ceases and 
Cz is left fully charged. 

It now discharges through the leak Rr at a rate determined by 
the values of C and R. The grid becomes less and less negative 
until the current commences again in Vr. We now have the cycle 
of operations repeated, except that in this case the valve Vx is the 
originator of the rise in anode current. 

The condensers C1 and C2 are alternately charged and discharged, 
and the resultant wave-form of potential in the grid circuit is that 
shown below the diagram. By changing the grid leak for a pentode 
the curve can be made more equal to the desired saw-tooth. 

Space does not allow of further consideration of the details of this 
interesting circuit, but it is an excellent one on which to base 
investigations into scanning circuits, besides forming a useful and 
flexible laboratory oscillator. Suggested values for the grid leaks 
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are 2-3 megohms, with 100,000 ohm anode resistances. The 
coupling: condensers must be adjustable for varying frequencies, 
and can be from .o25 to .0005 mid. Synchronising to a given 
impulse can be accomplished by a transformer connected in the 
anode circuit to which the coming signal is applied. 

G P.. 
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HARD VALVE CIRCUITS-—OPERATION OF THE CIRCUIT— 
BALANCED DEFLECTION—PENTODE-FED ‘‘ SOFT’’ BASES-— 
RESISTANCE FEEDING —SYNCHRONISATION CONTROL 
FILTERING THE FREQUENCIES-- HARD TIME BASE 
CONTROL—-USING BOTH WAVE FRONTS — THE PICTURE 
CONTROL — RATCHETING — A COMPLETE ‘' SOFT” TIME 
BASE—COMPLETE ‘‘ HARD-SOFT’’ BASE-—-THERMAL DELAY 
SWITCHING —— THE VON  ARDENNE CIRCUIT — THE 
AMPLITUDE FILTER —EXCITING THE CATHODE-RAY TUBE—~ 
EFFECTS OF COMPONENT BREAKDOWN-—-THE POTEN- 
TIOMETER CIRCUIT—-CHECKING SCANNING SPEED-—-DRY 
RECTIFIER CIRCUITS—SCREENING, EARTHING, AND GENERAL 
CONSTRUCTION-——RECTIFIED A.C. FOR DIRECT-HEATED TUBES. 


In previous chapters on the cathode-ray methods of television 
reception the basic facts necessary for the understanding of the 
action of the cathode-ray tube, and the means whereby it may be 
made to provide television reception have been given. 

It has been seen how focusing of the tube is attained, and how it 
is made to scan. Methods of providing that scanning have been 
discussed, and you are now familiar with something of the ingenious 
arrangement of valves that constitute the time base. Some of the 
snags that are met with in time base theory have been mentioned 
and explained, but up till now the practical aspects of the case as 
apart from the purely theoretical have not come under discussion. 

In reading this chapter we want you to place yourself in the 
position of a would-be cathode-ray television set builder, with no 
fixed idea as to exactly what type of receiver you will construct, 
but awaiting some details from which you may decide on your 
final design. And as regards that final design you are concerned 
at present only with the cathode-ray section, and not at all with 
the radio side. | 

We do not propose here to provide that design in its entirety ; 
later in the book we give fuller details for the construction of an 
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up-to-date television receiver; but we want in this chapter to 
bring forward some typical practical circuits, and to discuss some 
of the practical snags and pit-falls that may be encountered, and 
the ways of obviating them. Not faults that may evidence them- 
selves in a finished receiver, but rough places that have to be ironed 
out before the actual construction is commenced—“ paper ” 
faults, if you like to call them such, that will evidence themselves 
‘in the analysis of the circuit. 

You will already have realised that linearity in a time base is 
essential for undistorted picture reception. The question that 
remains is what sort of circuit, or circuits, can be used to ensure 
reasonably good linearity. Note that we say reasonably good, for 
perfection in television has not yet been reached, though it is now 
in such a stage as to make it really well worth while. After all, it 
does not matter if the scan is not truly linear so long as the eye 
does not perceive the curving of the lines. 

Hard Valve Circuits. As you have seen, there are two main 
types of valve circuits that can be used in time bases, the ‘“ hard” 
and the “soft” (or gas-filled discharge) types. The two can be 
used separately or mixed if desired, and we shall discuss the various 
varieties as we go on. For the moment, let us consider the hard 
base of which Fig. 128 is an example. Here it will be noted is 


THE COSSOR HARD -:TIME BASE 
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Fig. 128—A half-section of time base using screen pentode feed valve (V1), a triode 

diewtana- valve, Sat ia and a deflector phase-reversing valve to 
. balanced deflection 
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only half the base, the other half can conveniently be one of the 
“ soft” variety, or it can be another hard base. 

It will be noticed that the half-base is shown operating one pair 
of deflectors (the other half would operate the other pair), a balanced 
deflector method of coupling being provided to prevent any defocus- 
ing of the beam due to the deflector voltage variations. The 
defocusing is prevented by keeping the mean potential of the plates 
at the same value as that of the last accelerator (2nd or 3rd, 
dependent on make of tube) of the tube—that is, at earth potential. 
(It must always be fully realised in cathode-ray work that when 
we speak of “ earth” potential we mean that of the actual earth, 
and not that of the cathode of the tube, which may be some 2,000 
or 3,000 volts, or even more, below earth.) 

Operation of the Circuit. You will have read about hard 
time bases in the previous chapter, but we will just run through the 
operation of this particular circuit so that you will obtain an idea 
of what is required of the various parts used. 

We will assume that the time base consists of two similar bases, 
of which that shown in Fig. 128 is the line frequency half; that 
is, it has to scan at 6,000 per second for 240 line scanning. 

Assume also that the voltage from the H.T. and L.T. power 
pack attached to H.T. positive and negative is ready to be applied, 
and that the heaters of the valves are alight and the valves warmed 
up. With no H.T. on of course nothing happens. Now switch 
on the H.T. 

At once current flows through Ri and VR4 providing the required 
screen grid voltage of the pentode Vr. It is ready to pass anode 
current, but cannot owing to the fact that the triode valve V2 is 
in series with its anode, and as this valve is not operating nothing 
happens in the Vr circuit. 

All this takes thousands of times longer to tell about 
than it does to happen, but this is what is actually in 
progress. Suppose the condenser C, which is the condenser which 
is to be charged and discharged to form the sawtooth waveform 
of scanning (about .o005 mfd for 6,000 lines) is at the moment 
uncharged. 

Thus there is no potential across it, the top and bottom plates 
are at equal potentials, and so there is no potential across V2 and 
that valve is dormant. 

But there is a potential across V4, and the normal! anode current 
for that type of valve is flowing, providing a large drop of potential 
across VRz. As the grid of V2 is connected to the anode of V4 
it must be at a potential very much less than the top of VR2, and 
therefore of the anode of V2. And, as we have seen, the cathode of 
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V2 is at the same potential as the anode (for the moment), therefore 
there is considerable negative grid bias on V2. 

But C will not stay uncharged all the time. It begins to charge, 
and its rate of charge is controlled by the impedance of V1, con- 
trolled either by VR4 or VR3, or by both. And as C charges so 
the potential applied to the deflector Ar changes. 

Eventually C reaches such a state of charge that the potential 
between the plates, and therefore, across the anode and cathode of 
V2, reaches such a point that the grid bias of that valve is overcome 
and anode current begins to flow. This causes a voltage drop, a 
sudden one as current commences, across VR1, which impulse is 
applied via the condenser to the grid of V4. This immediately 
affects the anode current of V4, for the grid becomes negative, 
and the anode current of V4 drops. This drops the grid bias on 
V2, which immediately results in a further increase of anode current 
in V2. This increase is transmitted to the grid of V4 as before, 
and results in a further drop of bias on V2 due to the drop in anode 
current of V4. And so it goes on. The effect 1s cumulative, and 
in no time there is a huge current flowing through V2 and C is 
discharged. 

As soon as this has happened we reach the first state of affairs— 
an empty condenser—and the whole process starts over again. 

Now, in practice, the whole system depends on the skill and 
accuracy with which the resistances VR1I and VRz are adjusted. 
VR2 controls the length of the scan and VR1 controls the speed 
of the triggering, and therefore the flyback. If this is too slow there 
is a nasty tracer across the screen. 

VR2 naturally must be to some extent interdependent with 
VRz, and of course we must not forget that VR4 or / and VR3 have 
to be adjusted to give the speed of charge of the condenser C. But 
VR1 is the most tricky resistance to adjust, and it must be of value 
to suit the valve and of easy and accurate adjustment. 

Of V3 and V5 we have said nothing at the moment. We will 
deal with them now. V5 is merely a synchronising amplifier which 
impresses on the grid of V4 the synchronising signal, thereby 
controlling the static state of V4. When a synchronising impulse 
arrives it is transmitted to V4 which thereupon reacts on V2, 
causing that valve to “spill over” immediately and discharge 
the condenser. But we shall discuss synchronising more fully 
later, 

Balanced Deflection. V3 is a little more obscure in its action. 
It is a valve that is not necessary to the operation of the circuit in 
itself, but it assists in the quality of the results by providing the 
balanced. deflection’ voltage that we have mentioned. 
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Actually it provides a “ copy” of the deflecting voltage (which 
is, of course, A.C.) that is obtained from the condenser C, but the 
“copy” is rotated in phase through 180 degrees owing to the 
action of the valve stage 
(Fig. 129). HOW THE PHASE REVERSER 

The condenser potentiometer yORS? 
Cz and Cz provide that the 
value of signal applied to V3 
shall be of the required 
strength. It is desirable to 
apply a proportion of 3 of the 
total voltage, where M is the 
effective amplification of the 
valve V3 as used in the circuit. 
Thus the output strength of the 
signal is equal to the. signal 
applied by C to the deflector 
plate Ax, but is in opposite 
phase. This signal is applied 
to plate Az. Thus the plates 
are symmetrically held 
throughout the whole oper- 
ation of the time base, for it ; . — 
must be remembered that the a 2-8 nica 7 Aiscarge wave, an 
other half of the time base is ae applied to V2, which “ copies "’ the 

' ; impulses in its anode circuit but with a 
carrying out just the same phase change of 180 degrees 
impulse feed but at a different 
frequency, namely 25 times per second. 

As a matter of fact, the need for deflector balance is not quite 
so great in the case of the second half of the time base, for distortion 
on the frame scan is not so likely to upset things as it is on the 
line scan. 

As we said before, we can use a soft base on the frame or picture 
scan, though it is felt that a hard base is essential for the line scan, 
although even here the comparatively slow fly-back may be 
troublesome. The frame scan need not be so strictly linear as the 
line scan and the soft (gas discharge tube) base is quite adequate. 

This remark rather libels the soft base, however, which can be 
made quite linear enough for 240 line television reception, and we 
shall deal with that type of base next. 

Pentode-Fed ‘* Soft ’’ Bases. We do not propose to go very 
deeply into these for they are so similar to the resistance-fed bases 
in their fundamentals that little need be said. The main features 
of the pentode-fed base have been dealt with in the previous chapter. 
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In practice, this type of base, with its gas discharge relay valve, 
has the great advantage over the resistance-coupled type in that 
it is easier to get the scan practically completely linear, and thata 
high voltage on the base is not required. Against this the cost is 
greater for valves, and in some ways the construction is not so 
straightforward, for the cathode of the gas-filled relay is not at 
earth potential, and the nas arrangements are not so easy to 
obtain. 
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Fig. 130—A fundamental, but quite workable time-base circuit using resistance-fed 

gas-filled discharge tubes. The synchronising is applied to both the grids of these 

valves (V3 and Va) and bias is provided by the valve V2. The H.T. rectifier circuit 

has a thermal delay switch in series with the positive feed (TD) to allow the discharge 
valves to heat up before they have H.T. applied to them 


An example of a fundamental pentode-fed gas discharge time 
base is shown in the previous chapter, Fig. 123. 

Resistance Feeding. The simplest type of time base, and one 
of the most economical, is undoubtedly the resistance-fed soft type. 
It is comparatively easy to construct, and though it has the dis- 
advantage of requiring from 1,000 to 2,000 volts, the current 
required from the power pack is quite small, from 10 to 15 milliamps, 
and the actual scanning part of the circuit requires only two valves, 
preferably of the helium-filled type. 
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Though the resistance-fed time base ts such a simple piece of 
apparatus there are many points to be watched in the practical 
application of it, and there are several modifications worth 
considering, 

In Fig. 130 you see a simple practical time base with resistance- 
fed thyratrons. It is shorn of some of the refinements that go tc 
makeé the perfect base, but it is quite practicable, and we shall 
discuss and add the refinements as we go along. 

The first thing to notice is that there is no synchronising locking 
link between the two thyratrons, such as is used when 30-line 
television is being received. There is no need for such a link, for 
two separate synchronising signals are sent out on high definition 
systems and the two thyratrons are fed with the individual 
synchronising impulses from the valve filter scheme. Of this we 
shall have more to say later. 

The practical features of the circuit as regards component 
values are given on the diagram, but at the outset it is perhaps 
advisable to say that though the power pack of the base is shown 
on the same diagram, it is usually better to include it with the pack 
for the tube and to screen the whole lot from both the time base 
itself and from the cathode-ray tube. A.C. nipple is fatal to 
cathode-ray tube working, and no trace of it can be allowed either 
in the anode circuits of the time base or in the tube circuits. Neither 
must there be any chance of the tube being brought into the range 
of A.C. field such as surrounds the power transformers. Half- 
wave mercury vapour valves are used for the cathode tube power 
pack, and for the time base rectifier in order to give good regulation, 
but a full wave ordinary rectifier is employed to give the bias 
voltage. This valve is shown as V3 on Fig. 130. 

One of each pair of deflectors (Ar and Br) are fed from the two 
thyratron anodes and therefore get their deflecting voltages from 
the condensers Cr and C2, while the other two deflectors, A2 and 
Bz, are fed with H.T. from a potentiometer across the time base 
H.T, This potentiometer scheme must be variable in order that 
the detlector voltages can be varied to place the scanning frame 
in the right position on the tube. 

Note the voltages of the condensers. These must be of good 
make and of sufficient voltage margin, otherwise leakage and 
possible breakdown of the time base may occur. Leakage will result 
in uncontrollable scanning and breakdown in cessation of the 
scanning process, with the result that the spot on the cathode 
screen will become stationary, with disastrous results to the screen. 

Note that Cr and C2 should be able to withstand the maximum 
H.T. voltage. This is because while the condensers are not likely to 
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get that amount applied across them, there is just the chance, 
should the thyratrons fail to strike at any time, due to any fault 
in the valves or in the associated components or connections. In 
that event the voltage across the condensers C1 and C2 would reach 
maximum and if they were not of high voltage working they would 
break down, 

As we said before, Fig. 130 is quite a practical circuit, but it can 
be improved upon. , 

Synchronisation Control. The elements of synchronisation 
have been dealt with in the previous chapter, and it now remains. 
to be seen how the synchronising impulses can be used to control 
the cathode-ray time base. It depends on the type of time base 
exactly what control can be obtained over it by the synchronising 
signals. 

These signals consist of a line and a frame or picture signal, the 
former sent out at the beginning (or end) of every line scan and 

the latter at the beginning (or 


THE SYNCHRONISING 
IMPULSES 


Square Toreso Line Srey: SIGNAL 
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Fig. 131—The synchronising impulses are 
sent out at greater modulation than the 
fo frequencies, and are fairly flat in 
rm, In practice many systems keep the 
minimum modulation strength for the 
picture impulses up to, say, 30 per cent of 
the carrier, and then send the synchron- 
ising impulses as complete drops to zero 
instead of a build-up of modulation. In 
other words, the diagram shown in Fig. 132 
is turned upside down, the dotted line 
denoting the go per cent line. The result 
on the synchronising valve is, of course, 
the same—a powerful A.C. impulse 


end) of every picture scan. 

The signals are shaped some- 
thing like the figures shown in 
Fig. 131 where it will be seen 
that the line signal actually 
comprises an impulse in the 
positive direction followed by 
an in the 
there being a slight passage of 
time between the two. The 
picture signal, such as is used 
by the Baird process, is of 
similar shape, but “lasts” 
longer, or in other words the 
top is longer and the time pas- 
sage between the upward and 
downward impulse is greater. 


Actually the line signal can be looked upon as two separate 
signals in reverse potential, one being a positive impulse and the 
other a negative. The picture signal can be looked upon in the 
same way, but it is not necessary so to do for the timing of the 
picture part of the time base is not nearly so delicate as that of the 
line portion. 

There are other types of synchronising impulses but they are all 
pretty much alike as regards the line signal. In the case of the 
Cossor system, however, the picture signal differs in that the 

' absence of a picture synchronising signal actuates the 
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picture scanning device, and this absence obviates the necessity 
for the lme and picture signals to be separated in the time base to 
avoid false synchronising. | 

It is likely that the method used for broadcasting television in this 


country will 


time use the LUNE SIGNALS FRAME SIGNAL. 
type of signal ! te neces 
that demands 
the separate 
line and pic- 
ture impulses, 9 77 703 Por 


-e will Fig. 132—The anode bend rectifying valve is used to cut off 
sian nana the peaks of the synchronising impulses and to reject the 
concern OUT- picture frequency impulses to give clean synchronising contro] 


selves with 
the practical aspects of those methods here. 

First of all, we will deal with the resistance fed soft time base and 
the possible method of applying the synchronising signal to that 
type of base. 

Fig. 132 indicates one method where the picture and synchron- 
ising impulses go out together, with the synchronising impulses 
at a greater strength than the picture modulation. 

By cutting off the tops of the modulation we can collect the syn- 
chronising impulses only, and then pass them on to our time base 
as desired. 

The results of this cut off by an anode bend valve is shown in 
Fig. 133 where 
it will 
that 
synchronising 
impulses have 
caused anode 
current change. 

Filtering the 
Frequencies. 
This valve is 
shown in Fig. 
134 where after 
' the biased filter 


Fig. 133--The filter valve rejects the yal 
picture tnmndias kad Passes 6c } sea ve there are 
25 and 6000 cycle impulses for synchron- © tWO valves with 
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peak at 25 per in the one case and at 6000 cycles in the 
other. The result is that we get practically pure 25 and 6000. 
cycle positive impulses from the respective anodes, and can apply 
them to the two relay valve grids separately, as shown. 

This is somewhat costly in practice, for it means two extra valves 
and the ordinary anciliary components as well as the specially 
tuned filters for the anode circuits, while the time base is apt to 
assume large proportions and.a by no means low cost. 

The anode potential for the valves can be obtained from the 
main anode feed for the time base, and the grid bias in the case 
of the filter from the bias valve circuit or from the potentiometer 
scheme where the H.T,. is tapped so as to allow bias to be derived 
from it. 

The two amplifier valves with the tuned anode circuits can be 
self biased. But it should be remembered that we do not need a 
large voltage synchronising signal, and so the valves employed 
in the filtering system must be volume-controlled well down. As 
a matter of fact they can be all anode bend biased to reduce H.T. 
consumption if desired, the two tuned valves being adjusted to 
the anode bend point, while the main filter valve is biased very 
much past the bend. 

THE TUNED FILTER SYSTEM 
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As the synchronising voltage required to operate the time base 
is only a matter of a few volts, each of the tuned valves should be 
capable of being volume controlled, while to ensure good results 
the bias of the main filter-valve should be adjustable, and the 
radio input can also be controlled if desired. 

Such are the main practical requirements of synchronising circutts 
in soft time bases. 

Hard Time Base Control. The use of the synchronising 
signals in the hard type of time base is somewhat different for with 
the type of triggering used, it is possible to make the two “ sides ”’ 
of the synchronising line impulse control not only the firing of the 
discharge system, but also the moment at which it shall build up 
again. 

To understand this it is necessary that we regard the synchronising 
impulse (for the line scanning) as consisting of first a positive im- 
pulse and then a negative one. 

It has become the practice to make the synchronising impulse 
correspond to zero carrier amplitude, and for the proportion of 
synchronising signal amplitude to that of the total signal (syn- 
chronising plus picture) to be about 1 to 3. A smaller ratio 
would mean that the proportion of transmitter power available 
for the modulating of the picture itself would be unreasonably 
restricted. 

But as the synchronising waveform is very unlike that of any 
outside interference that may be encountered, there is little difficulty 
in keeping it pretty clear of other impulses as regards its effect 
on the time base. 

As we can look upon the synchronising signal, with its flat top, 
as two signals we can arrange for the time base to be doubly 
controlled as stated above, and that is done in this manner. 

The time base has been developed by Puckle and Bedford of 
Cossor and the vital portion is shown in Fig. 135. We have 
explained how a circuit of this nature operates as regards the 
production of scanning (see Fig. 128), but in Fig. 135 you will 
see some extra valves. 

As you know, Vr is the charging valve, Cr is the condenser to 
be charged and discharged, V2 and V3 form the discharging circuit, 
and V4 is the synchronising valve. 

Now when a positive synchronising impulse arrives (that is, the 
rise of the flat topped impulse) it is applied to the grid of the valve 
V4. ‘This results in a negative impulse being applied to V3 via the 
condenser C3. This again results in a much amplified positive 
impulse being given to V2 which at once sets the discharge circuit 
in action. 
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AN EARLY FILM TRANSMITTER USED BY BAIRD. 
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Now when the potential across Cz has fallen, owing to its com- 
pletion of discharge, the valve V2 becomes inoperative, as you have 
already seen, On this state it is non-conducting. 

But consider. As soon as the positive impulse on V4 has been 
passed on to V2 it has reached its flat top, and so no impulses are 
reaching V4 which, for a fraction of a second, is inoperative. During 
this time the discharge through V2 has commenced and this, by 
virtue of the resistance Rx applies a negative pulse to the grid 
of V3. This pulse reduces the anode current in V3 and, therefore, 
makes the grid of V2 positive, thereby increasing the discharge 
current and again increasing the negative state of V3. The 
effect is cumulative, of course. 

When the discharge has ceased V3 again starts to pass anode 
current and the grid of Vz becomes negative, thus allowing no anode . 
current, but allowing the condenser Cr to start charging up again 
ready for the next synchronising trip. 

Using Both Wave Parts. That is with the resistance R1 in 
circuit. Now assume that this resistance is set to zero, and we are 
again at the state of V4 when the positive signal has been passed, 
and we are awaiting the “ drop’ from the flat top of the synchron- 
ising impulse to give us the negative pulse. 

The positive pulse on V2 has caused anode current to flow 
and the condenser to be largely discharged in a big rush. But as 
there is no resistance Rr in the anode circuit of V2 (R1 having been 
set to zero) there is no linking effect between the anode current 
flowing in V2 and the grid of V3. Thus when the synchronising 
pulse stops the current in V2 anode circuit stops and the circuit 
becomes inoperative and inert. 

Now what happens? The negative pulse from the same syn- 
chronising signals falls on the grid of V3. This at once makes the 
grid of V2 very negative owing to the making of V3 grid positive, 
and the consequent increase in that valve’s anode current. 

The impedance of V2 goes up and immediately the circuit is 
set for the commencement of the charging business again. And at 
every synchronising impulse the same negative pulse will set the 
grid of V2 to the same degree of negative bias so that the charging 
will inevitably start at the correct time from the correct static 
position. 

In practice it is possible to use this double synchronising pulse 
only if the signals are strong and are not interfered with. Where 
weak field strength is encountered, or interference is rife, then it is 
sometimes better to use the circuit with some value of Rr in circuit 
so that the time base sets itself rather than depend on the peeauys 
impulse to reset it. 
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But what of the picture scanning part of the base ? What happens 
there? Referring to circuit 135 again, we turn to V6, which is a 
gas-filled discharge valve. You will remember that we said earlier 
that there was no need to use a hard base for the second portion of 
the system, and that a soft base would do for the picture scan part. 

It will be recalled from Chapter 15 that in practice the time base 
is always set so that it will normally fire later than the synchronising 
signals arrival, and that the arrival of this signal causes the spill- 
over to come just before the ‘“‘ natural ”’ time. 

The Picture Control. Returning to the valve V6. This has 
to be supplied with a picture control signal, but in this circuit 
the normal impulses are not used. 

The condenser C2 is charged through the valve V5 and the 
resistances R4. It will be noted that the grid of V6 is taken to the 
anode of V5 through the grid resistance, and is joined to cathode 
through the resistance R4. The grid bias potential for the valve 
V6 is built up across this condenser by the voltage drop across 
R4 caused by the charging current in the anode circuit of V5. 

Now the grid of the charging valve V5 is fed by means of the 
differentiating circuit C5 R3 from the cathode of V2. 

A differentiating circuit is one that can provide a potential 
output whose waveform is the differential of that of the applied 
potential. In the form shown it consists of a high impedance 
condenser with a low value of resistance in series with it. 

Now, if the impedance of the resistance is negligible in com- 
parison with the reactance of the condenser at the frequency of 
the impulses applied to it, it can be reckoned that the instantaneous 
current flowing through the condenser will be equal to that which 
would flow were the resistance not present. 

The instantaneous current flowing through the condenser is 
directly proportional to the rate of change of, potential across 
the condenser which in this case is great. Therefore, the instan- 
taneous voltage across R3 is also equal to the rate of change of 
voltage across the whole circuit. 

A circuit of this nature is very useful, for it enables very sharp 
impulses of high amplitude to be fed from one circuit to another. 
In this case we feed impulses derived from the line scanning fly- 
back potential to the grid of the feed valve for the picture scan 
condenser, 

Thus, every time a line is completed an impulse is applied to 
V5 and the anode current of that valve is given a sudden increase. 
This results in the condenser C2 being given definite charging 
increases at fixed moments—during the fly-back of the line valve 
—and at the same time the grid bias of V6 is maintained. 
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Here it must be realised that the condenser C4 is a leaky one, 
owing to the resistance R4, and the length of time the bias potential 
across C4 lasts depends on the time factor of that circuit C4 R4. 

At the end of the picture scanning, that is, when the end of the 
picture is reached and the last line has been completed, there is a 
pause in the proceedings while the picture synchronising signal is 
transmitted. During this time the grid bias of V6 leaks away and 
the valve discharges, 

Ratcheting. The process is known as “ ratcheting,” and it is 
completely independent of the picture synchronising signal. Thus 
the scheme is suitable for any type of television transmission, 
whether of the sort that sends out a picture-synchronising signal 
or not. 

On the cessation of the line fly back impulses and the cessation 
of impulses on the grid of V5 the latter valve ceases to provide 
anode current because it runs into grid current and so biases itself 
beyond the cut-off point. Thus there is no time lost in the leaking 
away of the bias for V6, and the firing of that relay valve provides 
a very quick fly-back of the cathode spot to its point of origin. 

When the line scanning starts again the valve V5 is again affected 
and anode current flows, bias is resumed for V6 and the ratcheting 
process starts again. 

A Complete ‘‘Soft”’ Time Base. In Fig. 136 is shown a complete 
soft time base circuit with its connected cathode-ray tube excite unit. 

The approximate values are given for an anode potential on 
the time base of 1500 volts, obtained from the half wave rectifier 
Vi, which it will be seen has a thermal delay switch in series with 
the H.T. positive side. This thermal delay switch is essential 
to allow the valves in the time base, especially the gas relay valves, 
to warm up before the H.T. is applied. Besides avoiding strain 
on the valves it prevents the condensers across those valves getting 
the full voltage. 

As a matter of fact, it is advisable to use condensers im the 
positions just mentioned with working voltages of 1500 volts so 
that should the relay valves ever refuse to strike the condensers 
will not be broken down by having too high a voltage thrown across 
them. 

All the valves, including the cathode-ray tube, are heated by 
A.C., the valves, with the exception of Vg, taking four volts. This 
valve requires two volts and this value is applied by the secondary 
of the transformer which is tapped so as to allow four volts, or rather 
a little under four volts, for the thermal delay switch and two volts 
for the rectifier. This is a mercury vapour valve giving 2600 
volts at about § milliamps. 
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All the one mfd. condensers in-this part of the circuit must be of 
3000 volts working type to avoid any chance of a breakdown. 

But to return to the other end of the circuit. It will be noticed 
that the grid bias is applied by a separate valve, V3. This is fed 
from a separate transformer, and the various voltage taps are 
taken off the potentiometer network shown. This network feeds 
the whole of the bias for the time base circuit. 

Complete “ Hard-Soft’’ Time Base. The circuit shown in 
Fig. 137 is that developed by Cossor and incorporates the 
methods of synchronising and ratcheting described earlier. in this 
chapter. The values are given for the valves mentioned, and 
though the rectifier valve seems to be overrun it will not suffer 
harm on that account for the wattage taken from it is not excessive. 

V5 is an interesting valve. It is a modulating valve for the 
shield of the tube, and is set so that the synchronising signal just 
drives the valve into grid current, and therefore the signal strength 
or amplitude that corresponds to black always occupies the same 
position on the grid volts anode current curve. 

HF. losses in the anode circuit of V5 must be kept down or 
definition will suffer, and sometimes an H.F. choke of the value 
of some 2000 microhenries can be inserted in series with the anode 
resistance to give a “lift” effect. 

if you will refer to circuit Fig. 128 you will see that a compen- 
sating valve for the deflector feed was used, a valve that gave. 
balanced deflection by the application of reversed phase potential 
to the opposite deflector plate to the one fed from the discharge 
valve. In Fig. 137 two such valves are employed, one for the 
line scan and one for the picture scan. They are V6 and Vo. 

Initial shifting control for placing the spot in the proper position 
to start with is carried out by the two potentiometers RA and RB. 
Note that the bias resistance for the gas filled relay valve V8 is 
variable, and this has to be set to give the best results of timing 
on that valve's discharge. 

Thermal Delay Switching. We should explain why the 
thermal delay switch on the cathode-tube exciter circuit is set at 
less than four volts on its heater. The reason is that we do not 
want this relay switch to go over until that in the time base has. 
made contact. We then ensure that the time base has commenced 
its scanning operations before the cathode-ray tube has started, 
and therefore the spot on the tube screen is never allowed to come 
to rest. If it were allowed to start from rest each time the set was 
switched on, remaining at rest while the time-base warmed up, 
the screen would eventually be badly burnt at the piace: where 
the spot started each time. 
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Thus it will be realised that the need for thermal delay svvitching 
is a very real one, It does not matter what sort of thermal delay, 


THE VACUUM DELAY 
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Fig. 138—As the filament F heats 
it causes the metal rod M to heat, 
by conduction, and this rod bends 
until it touches the ring R. 
Owing to the vacuum there is no 

arcing at point of contact 


The Von 
Ardenne Cir- 
cuit. Before i 
we discuss some yy 7 ¢& 
of the require- 
ments of the » 7 
actual compo- 
nents used in a 
television scan- 
ning circuit let 
us have a brief 
look at one of 
the most up-to- 
date circuits 


-A bi-metal bar 
the coil 


either the vacuum or the. 

mechanical type can be 
employed, but it is essential that the 
difference of potential between the 
winding or filament that carries the 
heating current and the switch portion, 
be kept at a minimum. 

The two Figs. 138 and 139 show 
two sorts of thermal delay switches 
and either of these can be used with 
equal success. 

As will be seen, both contain heating 
elements which are close to a metal 
contact bar which bends towards 
another contact as the heat increases. 
Eventually the bending metal makes 
contact with the other side of the 
switch and the H.T. circuit is made. 
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using gas-filled discharge valves and a form of paraphase push-pull 
deflector coupling. 

This circuit (Fig. 140) is very similar to that just discussed, 
except for the deflector coupling and the method of synchronisation. 
' The time base is of the resistance-fed type, and the well known 
thyraton valves are used. Grid bias is obtained by using a poten- 
tiometer scheme across the main H.T. circuit of the time base, 
instead of a separate valve for bias being employed. | 

‘The usual control of speed and length of scan is used, but the 
outputs of the two relay valves are taken to push-pull schemes. 
In our diagram we have translated the circuit for use with two sets 
of static deflectors, but Von Ardenne uses one static pair and one. 
magnetic pair. 

Balancing of the deflection is obtained by means of the variable’ 
resistances across the anode circuits of the push-pull valves, and 
it will be seen that the output of one of these valves is fed into the 
grid of the other in each case to obtain phase reversal. It will 
also be noticed that one of each pair of plates is earthed, that is, 
it is at the same potential as the main accelerator of the cathode- 
ray tube. 

This potential is then decreased at A.C. (at 25 and 6000 cycles! 
per second for 240 lines and 25 frames per second), and at the 
same time the potential of the opposite deflector in each pair is 
increased by the same amount at the same time. Thus completely 
balanced deflection is attained with no 


variation of focusing as occurs when THE AMPLITUDE 
a strong D.C. potential is applied. FILTER VALVE CURVE 
(See previous chapter.) ‘7 


The Amplitude Filter. The syn- 
chronising scheme is mteresting in that 
an amplitude filter is used. This valve 
is the screen grid valve shown in the 
centre of the diagram, and it provides 
the same strength of synchronising 
impulse throughout any transmission. 

Von Ardenne has arranged his valve 
so that the whole of the anode current- 
grid volts curve is on the left of the 
zero bias line, and, moreover, by — | = pe 
placing the screen of the valve at a Geno Bias 
higher positive potential than the anode Fig. 141—By adjusting the 
he has hitered the curve. ee ois etnies Circe He 

The result is something like that this is obtained. It falls totally 
shown in Fig. 141, and it will be aed ee te a ee 
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seen that the curve goes up and then bends over before the 

positive bias point is reached. Thus it is possible so to adjust 

the valve that the synchronising impulses are amplified up to the 

limit of the valve and then any further amplification is cut off, 

resulting in a series of impulses of the same voltage value. Natur- 

ally the amplification is small, but a large output voltage is not 

required, so that the smallness is no disadvantage. Incidentally, 

the valve takes very little anode current, a milliammeter of 

maximum 1.5 milliamp being sufficiently large to show when 
the valve has been correctly adjusted. 

The result- 

HOW THE FILTER WORKS ing synchron- 

ising impulse 

action of the 

valve is illus- 

Sreaor _ trated in Fig. 

142, where it 

will be seen 

that though 

the input may 

differ the 

output  volt- 

age is always 

the same, 

— provided of 


IMPULSES course that 
Fig, 142—-Synchronising impulses are voltage levelled by the initial im. 
action of the amplitude iter used by Ardenne with the result that tH Initial im 
the impulses fed to the time base are always constant in strength pulse is of a 


workable 
“ size.’ The synchronising input voltage is always set to be 
sufficient to load the valve, of course. 

Exciting the Cathode-Ray Tube. We have already seen the 
circuit of a typical cathode-ray tube H.T. supply, but there are 
one or two points concerning tube excitation in practice that should 
be said. Whether valve rectifiers or dry rectifiers are used the 
same precautions should be used. 

We will first of all illustrate an exciter circuit using a valve 
rectifier, but when we come to the use of dry rectifiers it will be 
seen that the same remarks will hold good. 

Let us study Fig. 143 and see what precautions have to be 
taken to ensure the best operation. The circuit is designed to 
give from 2600 to 4000 volts according to the tube. Let us assume 
that we are using the former voltage, such as is required for the 
Ediswan AH type of tube. 
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_ ‘That means that across the condenser A is a steady 2600 volts, 
while across C is something a little under 2600, according to the 
position of the slider of P. Condenser B has to deal with a maxi- 
mum of 2600 less the bias of the shield of the tube, namely 2540 
volts or so. AH these condensers are of 1 mfd capacity, and have 
to be of the oil immersed or petroleum jelly impregnated variety, 

and able to withstand 2600 volts. The nearest to that voltage 
on the market are the 3000 volt working condensers. 

Effects of Component Breakdown. This voltage business is 
extremely important, for consider what happens if, for instance, 
condenser C should break down. Immediately the shield of the 
_ tube would be earthed, and a full 2600 volts in respect of its cathode 
would be applied. The result is a spontaneous electron explosion 
of the cathode of the tube due to the complete removal of bias and 
of the space charge. 

Condenser E should also be of the high voltage type, for this 
couples the shield with the radio input potentiometer, which is 


SAFEGUARDING THE TUBE 
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earthed at one end. Therefore breakdown of this condenser would 
have the same effect as a breakdown of C. 

Condenser D is not likely to break down, for it is subjected to 
a mere 60 volts or so, and can obviously be of the 250 working type, 
with every safety. The only danger that can threaten D is a break 
in the potentiometer chain between point X and the negative end, 
when of course D would be subjected to the full 2600 volts and 
would not survive that attack on its insulation. 

But it is not of the condensers that we are thinking; they are 
comparatively inexpensive: it is the cathode-ray tube which is 
jeopardised if any of the condensers mentioned breaks down, and 
a new cathode-ray tube costs anything from eight guineas upwards. 

The Potentiometer Circuit. That break in the potentiometer 
chain we have just mentioned shows the necessity for good resist- 
ances and potentiometers that will always provide good contact 
between the windings and the sliders. 

The wattage of the resistances for a 2600 volt exciter need only 
be one watt, but it is essential that the connections between resist- 
‘ances be well and truly soldered, and that the action of the potentio- 
meters be smooth and certain in contact. 

For instance, should the slider of potentiometer P fail to make 
contact at any time with its winding the bias on the screen of the 
tube would be removed. You already know the result of that. 
To obviate such a mishap it is a good plan to fix a resistance RI, 
as shown, so that the bias cannot be removed by failure on the part 
of the slider of P. 

The resistance R2 is suggested as a safeguard against too sudden 
an electron rush should the bias of the tube be removed, and while 
the resistance would not save the life of the tube it might slow 
things down sufficiently to allow the operator to switch off quickly, 
in time to save the cathode from “ explosion.” 

The resistance R3 is used partly to have a similar effect by 
keeping a check on the accelerator current, and partly to insert 
a resistance between the accelerator and earth to reduce the 
danger of A.C. interference, which is sometimes noticed when the 
accelerator is connected direct to earth. 

Checking Scanning Speed. The actual operation of a time 
base will be dealt with when we come to the use of the cathode-ray 
receiver described in chapters 19 and 20, but we should here mention 
the automatic scanning speed indicators that have been suggested 
which will tell at a glance, or by sound, when the gas-filled relays 
or other discharge valves are firing at the right speed. 

By coupling a tuned circuit, either direct or via a valve system 
with the anodes of the discharge valves, it is possible to actuate 


‘906 = BOOK OF PRACTICAL ‘TELEASION 


a tuned re or other Bevice to denote when the right speed is 
achieved. 

It is difficult to pet a very sharp point, because the tuned circuit 
into which the impulses from the discharge valve are fed is liable 
to oscillate at its natural frequency regardless of the applied fre- 
quency, because the impulses are not sine wave in form but are saw- 
toothed. Thus the circuits are shock excited, and there is a danger 
of their oscillating after the impulses have died out. 

Fig. 144 shows acircuit that shows promise, but much work 
remains to be done before perfection is achieved. The impulses 
from the discharge valve V are fed to two tuned circuits after they 
have been fed through a valve which acts as a buffer. The tuned 
circuits in the case of high definition television are arranged for 
25 or 6000 cycles per second, and a separate system of filters and 
indicators is used for each section of the time base; that is, one 
for the picture scan and one for the line scanning. 


CHECKING SCANNING SPEED 


“ : on 


LYISCHARGE STECTOR 
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Fig. 144-—A circuit that is under investigation for denoting the reid of a scanning 
circuit at the correct speed. Tuned filters in conjunction with the valves give visible 
indication on the meter M when the correct speed is reached 


Following the tuned circuits is a valve which is coupled to a 
rectifier scheme that provides bias for the valve. The effect of 
this scheme is that as soon as the impulses from the discharge ‘ 
valve V arrive in the tuned circuits, through the valve V1, they 
affect the grid of V2. This modulates the anode current and causes 
A.C. to be developed across the rectifier scheme. This causes a 
bias to be applied to Vz, and the amount of this bias is in accordance 
with the degree of the anode current change. As this depends 
on the strength of the impulses we can see that the bias is propor- 
tional to the strength of the incoming impulses. It is best to 
arrange for the bias to be negative and to be increased on arrival 
of the impulses. 
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But the bias increase will cause a decrease of the steady anode 
current, so that the meter M will show at once the degree of bias 
that is being applied. Now, if the tuned circuits are selective 
enough very little effect will be had by the discharge valve impulses 
until they reach the periodicity of the tuned circuits, that is, the 
6000 cycles per second that we require for the line scanning. 

At this point the effect will be very great, and the valve V2 will 
be operated strongly. The result will be a strong bias application 
and therefore a very large deflection in the needle of the 
milliammeter in the anode circuit. 

Thus we can see at a glance when the discharge valve is running 
at the right speed, a very great help, especially in experimental 
work. With complete sets the need for such a device is not quite 
so great, for the “ speeds ” of the base are roughly set by the values 
of components, and once found, it is not difficult to adjust to the 
same points again. 

Dry Rectifier Circuits. Instead of valve rectification it is 
possible in cathode-ray work to use dry rectifiers, as shown in 
Fig. 145. Here we see a full time base circuit with exciter 
unit and tube using the special long rectifiers (type H) which 
Westinghouse have developed for high voltage work. 

Half-wave rectification is used for the bias, but we consider that 
probably full-wave rectification would be better-and more free of 
hum. A.C. ripple is the bugbear of all cathode-ray television 
circuit designers, and every precaution must be taken to prevent 
any suspicion of hum in the scanning circuits or in the tube supply. 
But we shall have more to say about that later. 

The circuit of Fig. 145 is one that has been evolved by the 
Westinghouse Company, and we reproduce it together with the 
values for low definition television. It is, of course, a fundamental 
circuit, and requires modification before it is ready for use on 
high definition transmissions. The synchronising link is shown 
as used for low definition work, and would have to be changed 
for high. 

Screening, Earthing and General Construction. The put- 
ting into practice of the circuits shown is not a difficult matter if 
it is remembered that we must keep out any A.C. ripple, and that 
we are dealing with high voltages. 

In the first place good chokes and condensers are essential, and 
300 henry chokes in the time base are usually used. Resistance 
here must be kept down within reasonable limits, however, for the 
regulation of the H.T. supply of the time base is a basic feature of 
the scheme. If the H.T. voltage fluctuates much as the discharge 
valves fire, then the circuit is useless. 
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It is probably best to build the mains part of the time base and 
the whole exciter in one unit, screening the whole to prevent the 
spread of the A.C. fields from the transformers and to protect the 
worker from shock. The screen must be earthed, of course. And 
here we must stress one point. That earth is the same connection 
as the accelerator of the cathode-ray tube, that is, it is 2000 or more 
volts above the cathode of the tube. In other words, the cathode 
is 2000 volts or more below earth potential and therefore must not 
be touched while the set is working. As a matter of fact, it is 
advisable, most strongly advisable, that no part of the receiver 
interior be touched while the set is switched on. Such an action 
might not be fatal, for the current available is small, but the voltage 
is extremely high and a very nasty shock would result. 

It is therefore up to the constructor of the television receiver to 
ensure that, once the set has been built and the screen or iron box 
fitted, no high voltage part can be touched. 

And in the construction the high valtage will necessitate especial 
care about such things as spraying of flux when soldering, and 
insulation between terminals and on panels. Wipe every trace 
of flux off the parts soldered, and the neighbourhood, for sprayed 
flux layers may cause bad leakage and sparking. -Good ebonite 
should be used for panels and terminal strips. Composition is 
useless. 

Systoflex can be used for wiring but must not be allowed to touch 
any points of high potential. In other words, do not let wires 
touch each other, even if they are covered wires. The insulation 
is not always good enough to stand the pressure. Everything 
should be air spaced where possible. 

The time 

REDUCING L.T. VOLTAGE DROP base section 

‘a : can be built 

in another 
metal box, 
and it can 
have the tube 
enclosed with 
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The power 
packs should 
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away from 
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taken by means of high voltage cable, such as they use on 
motor cars for the ignition. It is interesting here to note that 
Von Ardenne even screens the two sections of his time base from 
one another. 

Remember, that in most designs there are several amps of A.C. 
flowing at four volts for the heaters, and do not invite failure by 
using thin wire for connecting the heaters together and to the power 
pack. It is best to use two parallel cables for the heater connection 
between power pack and the time base, and it also helps to group 
the heater connections on the time base to allow a splitting up of 
‘the current to reduce the voltage drop. This is indicated in Fig. 
146. 

All terminals for inter unit connections should be of the large 
safe type and should be mounted inside the can that will eventually 
be used to screen the unit. No terminal strips outside the screening 
boxes should be used. Do not “ economise”’ in the manner of 
condensers. Use the best and use working voltages that are amply 
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safe, For 2500 volts or so use 3000 volt eine for 3000 volts 
ase 4000 volt wor 

Rectified A.C. for Direct-heated Tubes. Mains transformers 
Should be of good make, for they have to be constructed to with- 
stand very large voltages at A.C. If, in building a cathode-ray 
receiver, you decide to use a directly heated tube and to run it 
from A.C. via a rectifier, as shown in Fig. 147, remember that 
the secondary of the transformer is connected through the rectifier 
‘to the cathode of the tube and is therefore 2,000 or more volts 
below earth potential. Also remember that the primary of the 
transformer is at earth potential, for the mains are earthed on one 
side. Therefore, the transformer must be a good one, designed to 
withstand some 2000 to 4000 volts between primary and secondary, 
although it has to supply a mere 11 volts, perhaps, of A.C. for the 
L.T. rectifier 

And with ; a directly heated tube use a good control resistance 
for the cathode, and an ammeter reading up to 1.5 amp. The tube 
will require about I amp. at something like .4 volt. 

The choke shown should be about 1 henry in inductance and not 
more than three or four ohms in resistance. It means a big choke, 
but that cannot be helped; the supply must be smooth and we 
cannot afford much voltage drop. The Westinghouse L.T.4 
mectifier will do quite well, and two wet electrolytic 2000 mfd 
condensers complete the smoothing. 

Finally, you may be tempted to build your time base and exciter 
units on metallised wood and to use the metal surface as a common 
connection for the earthed points. Do not doit. The metallising 
will not give a satisfactory contact—it was not meant for high 
voltage work—and it is best if you must use metal to use a “ real” 
metal baseboard or chassis. Better still, do not use metal at all, 
use wood throughout. It is easier to work with and very much 
safer from the insulation point of view. It is remarkably easy 
to get short circuits when using a metal chassis with such high 
voltage wiring. 

Solder every connection unless the terminal you intend to use 
is a large one capable of giving and retaining perfect contact. Then 
screw up with pliers to make sure it will never come loose. But 
never place more than one wire round any terminal. Where wires 
meet, solder them. Multi-wire connections under terminals are 
not safe, and safe connection in television is as important as safe 
insulation. You cannot risk having a vital wire ie undone, 

.D.R. 
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THE FALLACY OF WAVELENGTH-THINKING-—-IMPOSSIBILITY 
OF USING EXISTING SETS-—TECHNICAL DIFFICULTIES— 
VITAL DIFFERENCE BETWEEN ULTRA-SHORT AND MEDIUM 
WAVES—-MEANING OF WAVELENGTH-—RELATIONSHIP OF 
WAVELENGTH AND FREQUENCY-——VISION AND SOUND 
BROADCASTING  COMPARED-—TELEVISION TRANSMISSION 
REQUIREMENTS——-THE BROADCASTING FREQUENCY SPECTRUM 
——-REASONS FOR SELECTION OF ULTRA-SHORT WAVES. 


The fact that the inauguration of “ pictures by the fireside ”’ 
is a development that is both new and very far-reaching may 
perhaps justifiably be advanced as a reason for the comparatively 
high cost of the apparatus involved—at least, as far as the actual 
vision part of the outfit is concerned. 

But why it should have been necessary to resort to ultra-short 
waves, and thereby to have incurred additionally the expense of 
a new receiver when the early recruits to this great new home 
entertainment will almost all be drawn from the ranks of the seven 
million listeners who already own broadcast sets, is a problem to 
which an answer does not so easily present itself. 

That is mainly because through force of habit—and not on 
account of any theoretical advantage—we have become accustomed 
to thinking in terms of wavelength and not, as is the only way to 
obtain a true mental picture of the broadcast spectrum, in terms 
of frequency. 

To the lay mind, there is nothing to distinguish the difference 
between, say, 7 metres and 300 metres other than that one is a 
very much shorter wavelength than the otier. 

Actually, of course, there is a very vital difierence, and it is a 
fact that will become apparent as this chapter proceeds that but 
for the existence of ultra-short wavelengths, and the pioneering 
work that has already been done on them with the objective of 
the establishment of a broadcasting service, television in its present 
form would never have been possible. 
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At least, it would not have been possible unless Great Britain 
could have extended the medium band and persuaded every other 
station in Europe between 200 and 600 metres to have closed down, 
and even then British listeners would have had to be content with 
only one television programme, with nothing to supplement if 
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other than on long or very 
short waves. 

Impossibility of Using 
Existing Sets. Obviously, 
the idea is 


for all that, that is what 
would have to happen before 
it would be possible for 
existing sets to be used for 
the reception of television 
programmes under the 
present system of trans- 
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. a __ 7 receive ordinary broadcasting 
Fig. 148-—The relationship of wavelength to to-day. 
frequency can easily be determined by mentally But it is difficult to foresee 


moving the ‘‘column of mercury '’ in this 
conversion ‘‘ thermometer ’’ 


a development in this direc- 


tion for many years to come, 

if, indeed, at all. In connection with any aspect of television 
programmes as things are at present, the main thing to grasp is 
that it can be regarded as only supplementary to, and not in any 
way as superseding, our established service of sound broadcasting. 
Apart, therefore, from the insuperable difficulties of radiating 
vision programmes on medium waves, it will be apparent that the 
establishment of a vision programme service could not, for very 
obvious reasons, be allowed to interfere with existing conditions. 
Technical Difficulties. It should be made clear that the 
recommendations of the original Television Committee in favour 
of the use of ultra-short waves for vision broadcasting were not 
made, from the point of view of the man in the street, as the next 
best thing to the use of ordinary broadcast waves. Having regard 
to the technical difficulties on the transmission side, it was about 
the only recommendation that could be made, although as has 
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already become apparent, it has called for infinitely greater skill 
in the design of apparatus for the receiving side, added to which 
is the increased difficulty of operation. 

, But that is a subject outside the scope of the present chapter. 
That the Committee was justified—indeed, that it had, in fact, no 
option in its wavelength recommendations—is what concerns us 
here, and in the explanation which follows it is hoped to convey 
the technical reasons which prompted the inauguration of Great 
Britain’s first vision programme service on ultra-short waves. 

In practically the whole of the explanations which follow, the 
arguments and considerations evolve around the velocity of ether 
waves and the consequent relationship of wavelength to frequency. 
And since it is of the highest importance that this formulae should 
be clearly understood, it might perhaps be more helpful to approach 
it with the aid of a simple analogy. 

Vital Difference Between Ultra-Short and Medium Waves. 
Supposing two runners, one a tall fellow with long legs and the 
other a tiny chap with short legs, have both to run a mile in five 
minutes. It will be obvious that although their speeds will be 
identical, one—the little fellow—will have to take a lot more steps 
to cover the distance in the specified time than the runner with the 
longer legs and the 
bigger stride. THE MEDIUM WAVEBAND 

And that is almost 1000 KC 
exactly what happens 
with ether waves. It 
may be accepted as an 
established fact that 
the velocity of ether 
waves 1s 300 million 
metres per second, 
irrespective of wave- 
length and frequency. 
Thus, if two stations 
are transmitting on 


totally different wave- Fig. Ay een re ipa acanel ope ee of 
200 metres, which equals 1500 kilocycles, and 600 

lengths, the ether metres, correspondin to Soo kilocycles there is a 

disturbances caused frequency difference of 1000 kilocycles 


by the transmitting 

aerials travel outwards into space at exactly the same speed. 
Meaning of Wavelength. But these “ ether disturbances " are 

in the form of waves, and the term wavelength is intended to convey 

the distance between the crest of one wave and the crest of the 

succeeding wave. And from this it follows that if one station is 
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sending out waves 30 metres in length, and another waves of 
3000 metres in length, then the shorter-wave station—like the 
little runner with the short legs—will have to make many more 
“ups” and “ downs ”’ to the second. 

It is these “ ups” and “‘ downs’”’ which account for the term 
frequency, and since both stations cover the same distance in the 
same time, the frequency may be arrived at by dividing the wave- 
length of the station into the velocity of ether waves. In the case 
of the two stations which we took as our examples—one on 30 
metres and the other on 3000 metres—their frequencies would be 
(a) 300 million divided by 30, or ro million cycles which, for con- 
venience, we refer to as 10,000 kilocycles, and (b) 300 million 
divided by 3000, or 100,000 cycles (100 kilocycles). 

Relationship of Wavelength and Frequency. From the 
foregoing explanation it will be apparent that as the wavelength, 
or the distance between crests, decreases, the frequency increases, 
and vice versa. This is shown diagrammatically in Fig. 148, and 
it is easy to establish the relationship between frequency and 
wavelength if you mentally move the column of mercury. For 
instance, if the column of mercury rises to the 3-metre mark on 
the left, then the drop on the right-hand side corresponds to the 

frequency having been 
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formulae quite clear, 
we can now progress 
a little further and 
consider it in relation 


to the requirements for 
P [weee ordinary broadcasting. 
For ali material pur- 


poses it may _ be 
assumed that the 
upper limit of audi- 
bility of the human 
Fig. An interesting f th ; 
taken by an ordinary broadcast station on thse medium ear i “ frequency 
wave an | Space that wou en by a roun about gooo 
hypothetical ideo gates os a 500 kilocycle cy cles, or 9 kiloc ycles. 
Some people are able 
to detect notes considerably higher than this, but that is not of 
any great consequence. 
What really matters much more is the upper frequency limits 
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of the various instruments that it may be required to transmit. 
The highest note of the clarinet, for instance, is nearly 3000 cycles, 
while the highest notes of the piano and the violin are in the neigh- 


bourhood of gooo cycles. But 
the harmonic range of these 
and other instruments extends 
to very considerably above 
these figures, and so to obtain 
good quality of reproduction 
it is desirable to be able both 
to transmit and to receive up 
to at least gooo cycles. 

Nine thousand cycles, or 
nine kilocycles, is therefore 
deemed to be the minimum 
by which broadcasting stations 
can be separated, because 
otherwise, and for the follow- 
ing reason, stations are likely 
to interfere with one another. 

Vision and Sound 
Broadcasting Compared. 
Although a station may be 
said to be transmitting on 
300 metres, or 1000 kilocycles, 
it actually requires a little 
band of frequencies all to 
itself to allow for the rises 
and falls above and below 
the actual carrier wave fre- 
quency of 1000 kilocycles 
due to the frequencies that 
are being super-imposed upon 
it in the transmission. Thus, 
if a piano note corresponding 
to 3000 cycles is being trans- 
mitted, then at one instant of 
time the actual transmitting 
frequency will be 1003 kilo- 
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Fig. 151—This is what would happen to 55 

medium wave stations if a 180-line station 

started up, and a 405-line transmission would 
swamp the band entirely | 


cycles and at the next it will be 997 kilocycles. 

It is for this reason that stations are separated by a 9-kilocycle 
band, but it naturally limits the number of stations that can be 
accommodated on any given waveband. Taking the case of the 
medium waveband as we know it to-day, and assuming, for the 
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sake of simplicity, that the upper and lower extremities are at 200 
and 600 metres, then between 200 metres, which is 1500 kilocycles, 
and 600 metres, which corresponds to a frequency of 500 kilocycles, 
there is a band of frequencies 1000 kilocycles wide. This is shown 
diagrammatically in Fig. 149. 

in other words, if each station transmitting 1s to be allotted a 
band 9-kilocycles wide, then there is room for 1000 divided by 9, 
or approximately 111 stations, between 200 and 600 metres. 
| Television Transmission Requirements. It is in connection 
with the transmission of high-definition television that the real 
snag arises, for here, alas, to transmit and to receive pictures of 
high quality, each station requires a band all to itself not 9 kilo- 
cycles wide, but at least 500 kilocycles wide and more probably 
1500 or 2000 kilocycles in width! And there is only a frequency 
difference, or, in other words, a band width of 1000 kilocycles 
between 200 and 600 metres. 

If you examine Fig, 150 you will see what would be likely to happen 
to your tuning dial if 180-line television programmes were radiated 
on medium waves. Something like 55 stations would have to be 
wiped out to make room for one such “low” high-definition 
television station, and a 180-line station is given as an example 
because a 405-line station would not go in the band at all! 

' Some idea of the magnitude of the problem will be obtained from 
Fig. 151, which, while not strictly correct from the point of view of 
purely scientific representation, shows the effect of transmitting 
one television programme on the medium waveband. The small 

wavy lines represent 
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sufficient stations between 200 and 600 metres to show the effect of 
their transmission upon existing broadcast stations ! 

From the first, therefore, all thoughts of using the medium wave- 
band for the transmission of television programmes was right out 
of the question. And on long waves the difficulty would be 
even greater, for the frequency decreases as the wavelength increases. 

The ultimate recommendation of the Television Committee that 
vision programmes should be radiated on waves below 10 metres 
was prompted by the fact that it is the only part of the frequency 
spectrum where there is room for any number of them. 

The Broadcasting Frequency Spectrum. For instance, on 
the basis of 2000-kilocycle separation, between 6 metres, which is 
50,000 kilocycles, and 8 metres, which ts 37,500 kilocycles, there is 
a frequency difference of 12,500 kilocycles and there would therefore 
be room for 6 stations. Moreover, under these conditions, each 
station would only occupy a comparatively small part of the tuning 
scale. 

The availability, so tospeak, of the frequency spectrum in so far as 
broadcasting is concerned is depicted in the accompanying table. 
The most interesting thing about this table is that it shows that 
something like 75 stations, each. with the required band width of 
2000 kilocycles, could be accommodated between r and 2 metres, and 
the reader may wonder why, in these circumstances, this “‘ band ” 
was not selected for television transmissions. 
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On purely theoretical grounds, there is everything in favour, 
and nothing against such a project. But the whole difficulty lies 
in the impracticability of using these waves for the establishment 
of a broadcasting service. 

Reasons for Selection of Ultra-Short Waves. Obviously, 
the reception-reliability factor must enter prominently into any 
considerations governing the choice of a suitable wavelength, and 
the technical transmission and reception objections to the use of a 
wavelength between 1 and 2 metres unfortunately are too great 
at present to warrant attention. Indeed, before any serious atten- 
tion can be given to the possibility of using wavelengths of this 
order, a very great deal of pioneering research will have to be 
carried out with a view to the determination of field strengths, etc. 
There are also grounds for thinking that our present ideas on 
receiver technique will have to be very drastically revised before 
such a project could be contemplated. 

On the basis of known facts, therefore, the wavelength finally 
selected for the inauguration of the television service was about 
the best choice possible, and although, from the ordinary listeners’ 
point of view, it is not without its disadvantages, at least it has a 
certain definite service value. 

After all, we are still only on the threshold of a very far-reaching 
development, and we cannot hope for finality in the early stages. 

But whatever the future may hold in store, from the facts which 
have been advanced in this chapter, the improbability of television 
ever being on anything but ultra-short waves will be apparent. 
Even so, it would be a far too sweeping statement to as much as 
hint that we have reached finality. 


Chapter 18 
TELEVISION RADIO SETS 


THE PROBLEMS INVOLVED-——THE EYE AND THE EAR COM- 
PARED — “SOUND ’’ RECEPTION CONSIDERATIONS — 
AVOIDANCE OF LOSSES--SURFACE CURRENT-FLOW—-THE 
IDEAL COIL—IMPORTANCE OF RIGIDITY—CONCERNING 
I.F. TRANSFORMERS—THE DESIRED RESPONSE CURVE 
—COMMERCIAL EXAMPLES—CONSTRUCTIONAL PRECAUTIONS 
—CONDENSER . THAT BECOMES AN  INDUCTANCE— 
QUESTION OF COST—-THE BEST VISION RECEIVER— 
FREQUENCY-CHANGING ADVANTAGE—THE FINAL CHOICE— 
AERIAL EFFICIENCY—-DIPOLE DETAILS—-MOST SUITABLE 
LOCATION. 


From a superficial examination of the problems connected 
with the reception of high-definition television programmes, 
there is little doubt that this latest development in the sphere of 
home entertamment has brought about a greater upheaval in 
design technique than any other in the history of broadcasting. 

There is a two-fold reason for that. In the first case there is 
the question of linear amplification over a very wide range of 
frequencies to contend with, and secondly, and mainly because 
of this enormously wide frequency band, there are the numerous 
reception problems to be considered due to the use of ultra-short 
waves. 

The Problems Involved. It is not proposed in this present 
chapter to explain at length the reasons for the wide frequency 
reception range and for the necessity of using ultra-short waves, 
for these matters are adequately dealt with elsewhere in this book. 
But in order to be able to approach the subject of suitable receivers 
for the new conditions with some idea of the problems involved, 
it will be as well first to define the requirements of such a set. 

Dealing first with the question of vision reception, the essential 
requirement of this side of the installation is that it shall be capable 
of giving appreciably linear amplification of a band of frequencies 
up to 13 or even 2 megacycles. That means to say that from the 
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aerial input. right through the chain of receiving valves to the 
anode circuit of the output valve, it is necessary in practically 
every detail to abandon all existing ideas and to tackle the problem 
entirely afresh. Coils, valves, intervalve-couplings, in fact, almost 
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Fig. 153-—-To simplify operation on ultra-short waves, the use of a band-spreading 

device is often a great advantage. Circuit ‘‘ A ’’ shows how band-spreading can be 

carried out by using a series tuned arrangement, while ‘‘B'’ shows the method 
of doing it with a tiny parallel condenser 





every individual component must come under the eagle eye of 
the designer if the ideal of linear amplification of such a wide band 
of frequencies is to be attained. 

The Eye and the Ear Compared. And it is of the utmost 
importance that so far as is possible it should be obtained. The 
average human eye is a far more efficient organ than the ear, and 
whereas the ear will put up with a certain amount of distortion, 
and, indeed, due to its comparative inefficiency, may even fail to 
detect the distortion, the same is certainly not true of the eye. 

The slightest flaw, the slightest imperfection or absence of detail 
in an image before the eye is instantly discernible, and the failure 
of any one of the numerous components in the vision receiver to 
deal adequately with the wide range of frequencies which are 
necessary for the reception of television pictures will, in conse- 
quence, completely upset things. With the eye it is a question 
of perfection or nothing; with the ear—well, the average listener 
is not seriously perturbed if a few top notes are missing and probably 
wouldn't even be aware of it. 
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To the subject of ensuring that received pictures shall not be 
imperfect we will return at a later stage of this chapter. But in 
the meantime, what of the sound side ? 

‘‘ Sound ’? Reception Considerations. Were it not for the 
fact that ultra-short waves are also to be used for the transmission 
of the television sound effects, there would be no difference between 

television 

IMPORTANCE OF LAYOUT sound recep- 

tion and the 
reception of 
any ordinary 
broadcast 
station on the 
medium 
see waveband, in 
am 7 i FL | fact, even as 
Gib TERMINAL things are, no 
alterations or 
departures 
from conven- 
tion are called 
for in that 
part of the 
set from the 


Fig. 154—Layout is of vital importance in the design of an ultra- detector on- 
short wave receiver. These two diagrams show the right (lower wards. 
sketch) and the wrong way of arranging the grid circuit 

components But, of 


course, the 
fact that ultra-short waves are to be used does call for special 
precautions in the design of that part of the set preceding the 
detector, and so far as general considerations are concerned, 
what applies in this respect to the vision receiver applies also to 
that for sound. As has been previously explained, the essential 
difference between the two is in the matter of the range of 
frequencies to be received. But the general design problems 
associated with ultra-short wave reception apply equally to both, 
and in the consideration which follows of the component question 
in so far as the pre-detector stages are concerned, the observations 
can be taken as applying to both. 

Avoidance of Losses. Apart from the question of Jinear 
response in the case of the vision receiver, what is perhaps the next 
greatest problem in the design of television receivers—a problem 
due entirely to the fact that ultra-short waves are involved—is 
the avoidance of losses. The wavelengths selected for the 
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inauguration of the television service—6.6 and 7.2 metres—are of 
such enormously high frequency that many factors connected 
with losses in components which on ordinary broadcast waves 
could be ignored must now be carefully attended to, and this, in 
most cases, means new components altogether. 

In the case of coils for the reception of these waves, for instance, 
it is necessary to go very carefully indeed into the question of re- 
sistance, self-capacity and 


external field if maximum 
efficiency is to be obtained. 
Unlike the broadcast waves 
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importance, whereas on ordinary broadcast waves there is very 
wide latitude without any appreciable difference in efficiency, al- 
though there is an ideal to be aimed at even in this case. 

One other factor which must enter prominently into any dis- 
cussion on ultra-short wave coil design is that of the avoidance 
of self-capacity so far as is possible, an effect which unfortunately 
becomes more pronounced, unless proper precautions are taken, 
through the use of heavier gauge wire. 

From these brief considerations of the pitfalls to be avoided, 
it will be apparent that the ideal type of coil for these ultra-high 
frequencies should have as small an external field as possible, 
and should be of low H.F. resistance and low self-capacity. 
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While it must be admitted that there is still much work to be 
done in connection with the design of ultra-short wave coils 
generally, we have progressed sufficiently far to be able to arrive 
at a design of coil which falls in reasonably well with the essential 
requirements. 

The Ideal Coil. From research which has already been carried 
out, it would seem that the most practical way of keeping the 

external field 

OBTAINING COIL RIGIDITY of the coil 
reasonably 
small is by 
using a coil 

» of small 
physical size. 

As for the 
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Fig. 156—In the design of ultra-short wave coils, one of the best 
ways of obtaining rigidity without introducing dielectric losses and conduct- 
ig to use a strip of glass—preferably Pyrex—as shown ivity, next to 


silver or- 
dinary copper wire is about the most satisfactory type of wire 
when its surface is quite clean, and the way to ensure not only that 
it is clean but that it stays clean is to use enamelled copper wire. 

Concerning surface area, or in other words, the gauge of wire 
most suitable, there are practical hmitations to be taken into 
account, but in general 14 or 16 gauge, while not too unwieldy in 
use, should be entirely satisfactory. 

But a coil made from wire of this type must be widely spaced 
if self-capacity is to be kept down to a minimum, and the spacing 
should under no circumstances be less than approximately four 
times the thickness of the wire used. 

Importance of Rigidity. While, from the point of view of 
efficiency, the ideal coil for ultra-short wave work is one wound 
without a former of any description, the advantages gained are 
likely to be completely offset unless the turns are absolutely rigid. 
Any movement of the turns in relation to one another will act like a 
tiny variable condenser across the coil and may completely upset 
calibration. If, therefore, to obviate the possibility of shifting 
turns, a former is: used, it should, for preference, be of the ribbed 
variety, and it must in any case be made from an insulator of the 
highest possible efficiency. Better still, if some satisfactory way 
can be evolved for anchoring the ends of the wire, a strip of glass 
—preferably Pyrex—used as a “former” as shown in Fig. 156 
would introduce negligible losses. 





FOUR DEGREES OF DEFINITION 





STANDARD FILM IS TRANSMITTED BY THE GERMAN BROADCAST- 

ING STATIONS FOR THE BENEFIT OF EXPERIMENTERS AND 

OTHERS DESIROUS OF ADJUSTING RECEIVING APPARATUS. 

ABOVE IT IS SEEN AS TRANSMITTED AND RECEIVED IN FOUR 

DIFFERENT DEGREES OF DEFINITION, VARYING FROM 30-LINE 

ON THE EXTREME RIGHT TO APPROXIMATELY 180-LINE ON 
THE ENTREME LEFT 
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ST BAIRD TELECINE DISC SCANNERS FOR TELEVISING TALKIE FILMS 
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THIS NEAT AND COMPACT INSTRUMENT IS A GERMAN MECHAN. 
ICAL VIEWER USING A SPECTAL MODIFICATION OF THE NIPKOW 
DISC PRINCIVLE. BUTITIS NOT SUITABLE FOR THE RECEPTION 
OF THE VERY HIGH-DEFINITION TRANSMISSION, AS IS BEING 
EMPLOYED FOR THE B.B.C. TELEVISION SERVICE 
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THE COMPLETE HIGH-DEFINITION, ULTRA-SHORT WAVE 
TELEVISION RECEIVER MARKETED BY THE GERMAN 
PHILIPS CO. 
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A MODERN CATHODE-RAY TUBE 
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A LARGE CATHODE-RAY TUBE ON WHICH IT IS POSSIBLE TO 
OBTAIN PICTURES OF ONE HUNDRED SQUARE INCHES IN 
AREA 
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THIS CLOSE-UP VIEW OF THE SUPERHET SECTION IS TAKEN 

LOOKING DOWN FROM THE TOP. NOTE PARTICULARLY THE WAY 

IN WHICH THE METAL “ BASEBOARD ” IS CUT AWAY TO ALLOW 
FOR THE PROTRUSION OF THE CONDENSER END-PLATES 
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IN THIS VIEW OF THE VISION SECTION, THE WAY IN WHICH 
THE LF. UNITS ARE RAISED UP FROM THE METAL BY MEANS OF 
SMALL CHINA INSULATING WASHERS IS CLEARLY SHOWN 
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SIGN OF THIS INSTRUMENT TO AVOID LONG 
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In considering the most satisfactory type of tuning condenser 
for television receivers, the question resolves itself perhaps more 
into one of mechanics than anything else, for upon the mechanical 
construction depends to a large extent the ultimate efficiency. 
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big. 157——The most economical way of providing for the reception of television sound 
programmes is to build an adaptor such as this for use with an existing broadcast set 


Here again, the avoidance of loss is of the utmost importance, and 
the amount of insulating material used in the construction must 
be kept down to an absolute minimum. Moreover, the insulating 
material itself must be very high grade. It is also desirable for 
whatever insulating material that is used to be kept as far as 
possible out of the electrostatic field of the actual plates. 

It is imperative, of course, that the condenser should be of the 
air-dielectric type, and brass, because it is not so prone to oxidisation 
as aluminium, is probably the best material for the plates. But 
even with brass, it is imperative that elaborate precautions should 
be taken in the assembly to avoid any possibility of noisiness, 
and it is perhaps fortunate that most of the manufacturers 
have already had occasion to get to grips with this problem in 
connection with the design of ordinary short wave condensers. 

Concerning I.F. Transformers. As has been previously 
indicated, this all-important question of the avoidance of losses 
extends to practically all of the components used, and while it is 
not proposed to outline the requirements in every single case 
(the manufacturers have already gone carefully into the question 
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of, and have in fact actually made,—and made well,—such things 
as valveholders, H.F. chokes, slow-motion drives, etc.), it is of 

importance that some mention should be made of I.F. coils before 

passing on to a more general discussion of set designs. 

Here it should be made clear that a superhet can hardly be con- 
sidered necessary for the sound side, for the nature of these ultra- 
short waves and their propagation characteristics are such as to 

limit the area over which 


L.F, COUPLING they can be heard to some- 
| thing likea radius of twenty- 
INOYUCTANCE five miles from the trans- 

lize mw) mitting station, and, unlike 


the vision side, since re- 
action can be introduced into 
Nor LESS THAN ‘OSHMFO the sound side without 
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Fig. 158—The use of an inductance in series low due to the very wide 
with the anode resistance in an L.F. stage : 
ensures linear amplification over a much Tange of frequencies that have 


wider range of frequencies than is other- to be dealt with, a superhet, 
wise possible. It may be found an advantage ; ; ‘ 
to experiment with higher-value resistances OT its nearest equivalent ina 
forthe gad ieee straight set, would appear to 
be almost indispensable. And 
that means to say that in the design of intermediate frequency 
units for such a set, it is imperative that they should pass a band 
of frequencies anything up to 14 or 2 megacycles in width, and that 
the response curve, to obtain linear amplification, should be appreci- 
ably flat-topped throughout this range. 

Even now a considerable amount of controversy exists as to 
the way in which this can best be accomplished, and although 
much can be done to settle the matter by laboratory experiment, 
not until the new television service has been in operation for 
some months can finality be hoped for. The probability is that 
ultra-short wave I.F. transformers will ultimately be wound with 
special types of resistance wire although it is too premature as yet 
to arrive at any definite conclusions in this respect. 

Commercial Examples. Whatever may happen eventually, 
it must in fairness be said that the manufacturers have certainly 
not been idle, and the units which have already been produced 
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by Bulgin, Eddystone, and Colvern may be found after months of 
practical experience of the new transmissions to be entirely satis- 
factory as they stand. From the writer’s practical experience of 
these three makes of I.F. units, it must be admitted that results 
so far are extremely promising. 

Ignoring for the moment the question of wiring and layout, some 
idea will, it is hoped, have been obtained from the foregoing con- 
siderations of the important components—the coils, the condensers, 
and, in the case of a superhet, the I.F. units—of the extent to which 
it is necessary to go to avoid losses and to ensure, in the case of 
the vision receiver, that the band width is received in its entirety. 

We can properly leave any consideration of the low frequency 
side in so far as the vision receiver is concerned until after we 
have discussed the question of types of sets most suitable for 
television reception, for in certain cases it is doubtful whether 
L.F. amplification will be necessary. 

Constructional Precautions. But before leaving for the 
moment this all-important question of the avoidance of losses, 
it is perhaps desirable just to touch briefly upon some of the con- 
structional precautions which must be taken when making the 
set or sets, for more havoc can be caused by bad layout and scrappy 
wiring than by, in some cases, inefficient components. 

Bearing in mind the high frequencies with which the set will 
have to deal, it is of the utmost importance to remember that even 
a short wire used for connecting purposes is likely to have quite 
an appreciable inductance. Thus although every endeavour 
should be made throughout to keep all leads as short as possible, 
however short they may be it is still desirable properly to space 
them and, indeed in some cases, even to screen them. 

The rigidity of the wiring, too, is also a point of considerable 
importance, for any tendency for it to spring may have dire 
consequences upon results. That is why it ts advantageous to 
use stiff wire, for by proper spacing it becomes an easy matter to 
eliminate as far as possible stray capacities. 

No less important is the question of component layout, and unless 
you have had experience of ultra-short wave receiver technique 
hitherto, you would be wise not to attempt the construction of a 
set other than from a published description. Even then, it ts 
vitally important rigidly to adhere to the exact component speci- 
fication, for remember, that you are dealing with something very 
different from an ordinary broadcast set. 

Condenser That Becomes an Inductance. Just to give an 
instance of the pitfalls into which the potential builder can stumble 
by departing from a published description, it is only necessary to 
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consider the case of de-coupling condensers. On ordinary broadcast 
waves, the capacity of the de-coupling condensers within certain 
wide limits is not critical, and if a ‘o1~mfd condenser is: specified 
and you use instead a .1-mfd. it is mot likely to make the 
slightest difference to results. 

But if, on ultra-short waves, a condenser of, say, .0002-mfd. 
is used for de-coupling purposes in a published design, and you 
happen to have a .1-mfd. paper condenser by you, to use it may 
completely upset the working of the set, for at the frequencies which 
are to be received it may become an inductance ! 

From this example, which is but one of many that could be 
quoted, it will be apparent that every single component is of 
importance when it comes to the design of ultra-short wave 
receivers, and to ensure perfect reception, it is not desirable to 
take liberties with anything. 

Question of Cost. In turning, now, to the types of sets 
most suited to television, the paramount factor to be borne in 
mind next to that of efficiency is that of cost. The cathode-ray 
equipment comprising the tube, time base and power pack is in 


SUCCESSFUL FREQUENCY-CHANGER 





Fig, 3 Marconi ard Osram have developed a special type of frequency-changer 
—the X. 41—-for use on ultra-short waves. This circuit shows how best to use it 
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itself an expensive item, and since the set is only, in a sense, a 
means to an end, it is obvious that most listeners will look for the 
most economical way of building it. 

The first question that arises is that of whether the sound and 
vision can be received on one set. Actually, it can, but it is 
extremely doubtful whether, at the present stage of development; 
there is any advantage to be gained. The fact that the two 
transmissions are separated by only .6 of a metre, and that the 
side bands of one of them are likely to extend to 14 or even 2 
megacycles introduces difficulties which can only be overcome by 
circuital elaborations, and it is probably cheaper and certainly 
much more straightforward to use two completely separate sets. 

But since cost must enter into it, what is perhaps the most 
satisfactory way of all of overcoming the two-set objection is to 
build a special set for the vision side, and then to use an ultra- 
short wave adaptor in conjunction with your existing broadcast 
set for the sound transmission. An adaptor for this purpose is 
quite an inexpensive proposition, so that the only real cost is in 
the vision receiver. A circuit for such an adaptor is shown in 
Fig. 157 and if built having regard to the constructional precautions 
dealt with previously, it will be completely satisfactory. 

That is undoubtedly the most economical way of receiving the 
sound side, but the next thing to be considered is the most suitable 
type of set for the vision transmission. 

The Best Vision Receiver. Although it is admittedly possible 
to obtain excellent results with a multi-valve straight set, present 
tendencies seem to indicate that the superhet type of set is the one 
that will ultimately be adopted. While it is perhaps true to say 
of a superhet that initial adjustment difficulties are greater, it is in 
general far more simple in operation, and because the frequency 
in the I.F. amplifying chain is of a much lower order than the 
fundamental station frequency, the actual gain per stage is likely 
to be higher than is possible with any type of straight set. 

If, therefore, because of this increased araplification, the number 
of valves required can be reduced, cost, likewise, will also be less. 
For this reason as well as for reasons of simplicity of operation, it 
may therefore be assumed that the superhet is the most suitable 
type of set for vision reception. 

Later on, when the various valve manufacturers produce—as 
they undoubtedly will—valves with very Jow inter-electrode 
capacities, it is likely that the straight type of set will come back 
into its own, for the extreme sensitivity of a superhet should not 
then be necessary for a station, the service area of which is limited © 
to 25 miles. But that is likely to be some time ahead, 
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Fig. 161—To ensure sound electrical ; Fig. 162—-The avoidance of losses in 


connection between coil ends 


and wires which pass through screens is 


terminals, it is a good scheme to hammer _ best achieved by using an insulated con- 


out flat the end of the wire and to drill 
it as shown here. 


nector of the type shown above. 


These 
are available from Belling & Lee 
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Fig. 163—H.F. chokes for ultra-short 

waves are very easy to make. The 

details can be obtained from this diagram, 

but it is important to use a former of 

high insulation resistance in order not 
to introduce losses 


Fig. 164—The mechanical construction 

of variable condensers for use on ultra- 

short waves is a point that should be 

very carefully watched. The moving 

vanes should be welded together either 
on the spindle or at the tips 
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Frequency-Changing Advantage. For the time being we 
can work only with available apparatus, and since, with existing 
types of valves, the performance is better when the frequency to 
be received is lower, the superhet is the only type of set that will 
enable us to change the very high frequency of an ultra-short 
wave television station into a lower frequency for purposes of 
amplification. . 

As a matter of fact, there is another reason why the superhet 
would appear to be the best type of set to use. In the case of a 
straight set, to attempt to use more than two valves in front of the 
detector is most undesirable because, apart from anything else, of 
the extreme difficulty of operation. And with only two valves 
preceding the detector, it may be assumed that some form of L.F. 
amplification would be indispensable. 

Bearing in mind that such an L.F. amplifier would have to be 
capable of giving linear amplification from 25 cycles to perhaps 
2 megacycles, as against 50 to 10,000 cycles in the case of an ordinary 
broadcast set, some idea of the difficulties involved will be 
appreciated. 

But where, in the case of a superhet, it is possible to have as 
many as four valves in front of the second detector without in 
any way complicating operation, it is problematical whether L.F. 
amplification would be required, for the output from the second 
detector would be sufficient to operate the cathode-ray tube. 

The Final Choice. After careful consideration of the various 
types of sets that could be used for vision reception, the writer 
is of opinion that at the present state of development the most 
satisfactory solution lies in the use of a superhet comprising first 
detector and oscillator, three intermediate frequency amplifiers, 
and second detector, and it is this basic circuit—a typical example 
of which 1s shown in Fig. 160—which has been selected for the 
vision receiver which is described in detail in another part of this 
book. 

It 1s to this chapter that the reader seeking practical information 
is referred, for when dealing with such colossa] frequencies as are 
employed for television, a circuit diagram alone cannot be 
considered of much help. The secret of success undoubtedly lies 
in the components and in the method of construction rather more 
than in the circuit—-a fact that will be strikingly evident when it is 
realised that to lengthen a grid lead by as little as an inch may 
make a half-a-metre difference to the wavelength coverage. ' 

But because of the inherent difficulties of relatively low stage 
gain and high loss potentialities, the secret of successful television 
receiver design resolves itself into one of taking extreme precautions 
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in every essential respect and in seeking so to overcome the problems 
as to get to the maximum efficiency possible out of every single 
component and valve. 

Aerial Efficiency. It is of the highest importance, too, to use 
an aerial designed with the same object in view, and in this con- 
nection, because of its superiority over other schemes, there is little 
doubt that the dipole will come into prominence. 

Having regard to the importance of aerial pick-up arrangements 
it is felt that this chapter on television receivers would be 
incomplete without just a brief explanation of the dipole and of the 
way in which it should be erected. 


ERECTING A DIPOLE AERIAL 


10 reltf 
(72 WAVELENGTH) 





SUBBER COVERED 
FLEX 
435,709 (erc) 
Times St Sins. 
Courtine Jaen 


Fig. 165—-All the necessary dimensions for the erection of a dipole aerial are shown 
in this diagram. The length of the downlead must be an odd multiple of 5 ft. 3 ins. 


The essential features of a dipole aerial are shown in Fig. 165. 
It will be seen from this diagram that there are two horizontal 
spans so arranged that the total length of the horizontal portion 
is approximately half of the wavelength it is desired to receive. 
For instance, with the vision programme radiated on a wavelength 
of 6.6 metres, which is near enough to 21 feet, the overall length of 
the horizontal span—which must be in two halves insulated from 
one another at the centre—should be about ro ft. 6 in. 

Dipole Details. Unlike aerials of the orthodox type, the feeders 
from this aerial or, if you like, the leads-in, are of considerable 
importance, and for optimum results, their lengths should be 
arranged in odd multiples of quarter wavelength. In other words, 
one, three, five, seven, and so on, times approximately 5 ft. 3 ins. 
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The feeders are taken from the ends of the two horizontal spans 
which come together at the insulator in the centre, and the ends 
of the feeders remote from the aerial are connected one to each 
side of a one-turn coupling coil in the set itself. 

As may well be imagined, good insulation is of vital importance, 
and the insulators both at the ends and in the centre should be the 
best obtainable. 

The wire for the horizontal spans is not critical so long as it is 
copper and of fairly heavy gauge, and from preliminary experiments, 
it would appear to be difficult to better the ordinary 7/22’s stranded 
aerial wire. For the feeders, a fairly heavy gauge of twisted rubber- 
covered flex will answer quite satisfactorily unless man-made 

static interference happens to 
INTERFERENCE ELIMINATION be particularly bad in which 
| case it may be necessary to 
use a system of cross-over 
feeders. This scheme is shown 
in Fig. 166. But for all normal 
purposes, the flex should be 

good enough. 
i ; Most Suitable Location. 
As for the height above ground 
bearing in mind the fact that 
these television waves are 
assumed to be more or less 
“ optical’ waves, the import- 
ance of elevating the aerial as 
high as possible above build- 
he ings, metal roofs, etc., will be 
appreciated. In normal 
domestic surroundings it is 


ee ae probable that on the top of the 
| cI "~~" house roof raised up on poles 
Fig. 166—In cases where man-made static will be the most convenient 
pena Bee ten cf moe: location, although where 
insulators for the dipole downtleads possible it may be found an 
advantage from the point of 
view of signal strength to arrange the two horizontal spans 
vertically, with the two feeders coming in through the window. 
In this case, the aerial must, of course, be kept well away from 
the wall, and it can only be done where the level of electrical inter- 
ference is low, for the vertical] aerial will in most cases increase the 
noise-to-signal ratio. 





G. T. K. 


Chapter 19 


CONSTRUCTING A COMPLETE TELEVISION 
OUTFIT 


AN ORIGINAL CHASSIS SCHEME-——-MAKING THE FRAME- 

WORK-——MOUNTING THE COMPONENTS--—-THE RECEIVING 

SECTIONS-—-HINTS ABOUT THE 'WIRING-—-TIME BASE AND 

POWER PACK-——SPECIAL CHASSIS-—-HIGH VOLTAGE METER 

—-TESTING THE PACK-—-TRANSFORMER CONNECTIONS—THE 

TIME BASE — THE COMPONENT PARTS ——~ FILAMENT 
FEEDS. 


First of all, the set itself. The method of construction em- 
ployed in this part of the equipment is entirely unique in that no 
design has ever before appeared that is in any way comparable 
with it. 

It may be divided into four sections. First there is the 
panel control, extension and condenser section. Then there are 
the sound and vision receiving chains, and finally there is the 
power pack, which includes practically all of the voltage dropping 
resistances and associated by-pass condensers. 

Making the Framework. The wooden framework is not 
difficult to construct, and should be undertaken in the manner 
to be described in a few moments. But the metal work is rather 
more involved, and intending constructors are advised to obtain 
this cut to size and, in the case of the larger vertical metal sheet, 
with the variable condenser openings pierced, from Messrs. Burne 
Jones and Co., Ltd. 

The wooden framework consists in all of seven pieces, and these 
are the front panel, the horizontal baseboard, the vertical back- 
piece and four cross supports. The panel is 24 ins. by 13 ins., 
the horizontal baseboard is 24 ins. by 7? ins., and the back-piece 
is 24 ins. by 64 ins. The material is 3-8 ply. 

When the panel has been drilled and cut in accordance with 
the dimensioned photograph provided, this framework can be 
assembled. Absolute rigidity is obtained by the use of the four 
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cross supports, the positions of which will be obvious from the 
photographs, 

With this framework assembled, the next part of the construction 
should consist of ‘‘ lining ’’ the three-sided box into which the power 
pack is built (Fig. 168). The lining consists of a piece of metal 
(tinned iron) bent to shape and fixed in position with small nails. 

It is rather important that this three-sided box should be ail 
in one piece unless, if three pieces are used, the sides which 


meet are joined to- MAINS TRANSFORMER KEY 
gether electrically. 


: AC 
To simplify as far climes MAINS 
as possible the con- N 

structional procedure, \ 


it will now be best to 
continue with the 


24 
assembly of the power 8 o 
pack before mounting | O 2iov 2304 2fov 
in position the vari- pO &00r(0) 2200(0) 2¢0K(0) 


© 


able condensers and 
the slow motion dials, 
etc. Itisnot possible, 
of course, at this 
stage to mount all of 
the components which 
are built into the 
power pack because 
so many of the resist- 
ances are actually 
held in position by 





the wiring. 
Mounting the 
Components. But 1S 139 at 


you can go ahead and fig. 169—This key to the connections on the mains 
mount all of the transformer should be used in conjunction with the 


; wiring diagram shown in Fig. 168 

components which are 

held down by screws such as the mains transformer, the L.F. 
chokes, smoothing condensers, etc. Having done that, leave this 
part of the construction for the time being, and continue with the 
variable condensers and dials. The actual positions of the three 
variable condensers will, of course, be determined by the dials on 
the panel with which they must line up, but with regard to the 
distance of these components from the panel, they should be 
arranged so that the terminals are just flush with the edge of the 
holes in the vertical metal sheet through which they project. 
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wing. For convenience when wiring up, a length of stiff tinned Piel 
supported at each end by an insulating pillar, is used as a main H.T. 
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This vertical metal sheet, by the way, should not yet be in posi- 
tion, and the condenser positions should be determined simply 
by holding it in place. 

The fitting of the extension rods and the flexi-coupling junctions 
is straightforward enough, and although a certain amount of 
inaccuracy in lining up the variable condensers with the slow- 
motion drives can be taken up in the flexi-couplings, it is better 
to try to aim at dead accuracy. 

With regard to the reaction condenser, there are one or two 
po:nts which should be carefully watched when this is being 


THE SOUND DETECTOR CIRCUIT DETAILS 
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Fig. 170—The method of mounting the various components associated with the grid 
circuit of the first valve in the sound receiver is clear ? shown in this sketch, It also 


shows how the dipole coupling coil, Prdegie consists of a single turn, should be made 


mounted 
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Fig. 171—For convenience in assembly, certain of the components , which se fixed 
to this vertical metal ‘baseboard " should be mounted before the metal sbeet ia 
secured to the main wooden chassis, This point is dealt with in the text 
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mounted. In the first case, the slow motion head which is fitted 
to the panel is only made for use with }-inch panels, and since 
the front panel in this case is thicker, it will be necessary to drill 
away some of the wood at the back. One further point. The 
spindle of the actual condenser is unfortunately too small in diameter 
for the collar of the extension handle, but this difficulty can easily 
and effectively be overcome by packing the spindle out with copper 
foil. 

The Receiving Sections. Now with regard to the actual 
receiving sections. 

Again to simplify as far as possible the constructional procedure, 
certain of the components are fixed to this metal ‘‘ baseboard ”’ 
before it is fixed in position. That does away with the necessity 
of passing bolts right through the wooden support to which the 
metal is ultimately secured, but apart from that, there is another 
important reason—a reason, incidentally, which rules out wood- 
screws. 

If you examine the diagram (Fig. 171), you will notice that 
certain of the component fixing screws are used for earthing points, 
and by carrying out the assembly in the way suggested, good contact 
is ensured. 

The components which should be fixed to the metal sheet before 
this latter is secured in position are the valveholders (including the 
X41 valveholders which is mounted on a metal bracket) and the 
intermediate frequency units. The heads of the fixing bolts must, 
of course, be counter-sunk at the back so that the metal sheet can 
be fixed flush against the wood. 

There are two points in connection with this part of the con- 
struction to which attention should be called. First with regard 
to the I.F. units. You will notice that there are two leads com'ng 
out of the bottom and one—a flexible lead—out of the top. This 
flexible lead is common with one of the leads coming out of the 
bottom, and before mounting each unit you must take off the cap 
at the bottom and mark the lead that is common. These common 
leads are all shown as “‘x’”’ in the wiring diagram, and the other 
lead of each unit is shown as “ y.” 

The “ y ” leads have all to go through to the power pack com- 
partment, and therefore before finally mounting the I.F. units 
the appropriate holes should be drilled. Incidentally, the LF. 
units and the “‘ sound ”’ detector valveholder are all raised up from 
the metal by means of insulating washers roughly half-an-inch 
thick. These you will no doubt be able to obtain from your local 
dealers, although the ones in the original set were obtained from 
one of the wireless stalls in a London market ! 
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COMPONENTS FOR THE SOUND-VISION RADIO SECTION 
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3 .oooos-mfd. variable condensers (J.B. r 4§0,000-ohm 1 watt resistance with 
Short-Wave Special type) wire ends (Amplion) | ; 
3 Slow-motion dials (J.B. dual-ratio 1 43§,000-ohm 1 watt resistance with 
“ Arcuate ”? type) wire ends (Amplion) 
3 Coupling rods, 4 ins, in length (J.B.) i 300-ohm 1 watt resistance with wire 
4 Flexi-coupling units (J.B.) ends (Amplion) 
1 65-m.mfd. (maximum) reaction con- x 20,000-ohm 1 watt resistance with 
denser (Eddystone type ‘‘ Ditri’’) wire ends (Amplion) 
1 Panel-mounting slow-motion drive for I 40,000-ohm 1 watt resistance with . 
above (Eddystone type ‘‘ Driad’’) wire ends (Amplion) | 
: 6-inch extension spindle (Eddystone I 1,000-ohm 1 watt resistance with wire 
type ' Atec *’) ends (Erie) 
1 Flexi-coupling unit (Eddystone) I 75,000-chm 1 watt resistance with 
I 10,000-ohm volume control (Colvern) wire ends (Erie) 
1 Ginch extension spindle for above I 200-ohm 1 watt resistance with wire 
(Bulgin type E H 2A) ends (Amption) 
t bracket for above volume control 3 1,000-ohm 1 watt resistances with wire 
i (B.R.G. No. 22) ends (Amplion) 
1 X-megohm potentiometer (Erie) 1 600-ohm 1 watt resistance with wire 
xr Signal frequency 7-metre coil (Bulgin ends (Amplion) 
S.W.60} Xr 1§,000-ohm 1 watt resistance with , 
2 signal frequency 7-metre coils with wire ends (Erie) ' 
reaction (Bulgin S.W.61) 1 30,000-0hm 1 watt resistance’ with , 
4 Television IF. units, so0-megacycle wire ends (Amplion) 
type (Bulgin S.W.62) 2 250-ohm rr watt resistances with 
6 §-pin valveholders (Bulgin ‘ Fre- wire ends (Erie) 
uentite ’’ type S.W.21)} 2 140,000-ohm resistances with termin- 
r 7-pin valveholder (Bulgin ‘ Fre- als (Graham-Farish Ohmites) 
quentite ’’ type S.W.51) 2 10,000-ohm 1 watt resistances with 
1 4-pin baseboard type valveholder wire ends (Formo) 
{W.B. 1 600-ohm 20-watt resistance (Bulgin | 
t 8-mfd.  drv-electrolytic condenser type P.R.3) 
(T.C.C. type go2)} 1 Mains transformer (Varley type | 
1 8-mfd.  dry-electrolytic condenser special) 
(Dubiliir type 0281 3 L.F. chokes (Wearite type H.T.12) 
1 «a-mfd. Mansbridge type condenser 1 LF. transformer (Varley Nicore 2) 
(s00-yolt working, T,M.C.-Hydra) Special metal chassis work in accord- 
1 2§-mfd. dry electrolytic condenser ance with diagrams (Burne Jones) 
(Dubilier type 3001) 1 double electrolytic condenser mount- 
1 2-mfd. Mansbridge type condenser ing bracket (Peto Scott) 
300 volt working (T.M.C.-Hydra) x X41 valve holder bracket {see text) 
| 2 «-mfd. Mansbridge type condensers 2 terminals engraved ‘ Aerial’’ and | 
(Dubilier type B) “Earth "—one with insulating , 
x .2§-mfd. tubular fixed condenser bush—(Belling Lee type B) 
(T.C.C. type 350 v.d.c.} 1 terminal mount (Graham-Farish 
x «-rmfid. tubular fixed condenser, 300 “ Pop " type) 
volt working (T.M.C.-Hydra) 2 low-loss staud-off insulators (Belling 
1 .x-mfd. tubular fixed condenser, 350 Lee No. 31222) 
volt working (Ferranti) 2 low-loss stand-off bushings (Belling 
4 .oo2-mfd. fixed condensers (T.M.C.- Lee No. 1223) 
Hydra type T.12) to «stand-off insulating washers (see text) 
2 .vx-mfd. tubular fixed condensers 2 j-inch pillars (for supporting main 
{ (T.C.C, type 250) H.T. busbar) 
qt .t-mfd. tubular fixed condenser Metalised sleeving, wire, systoflex, 
(T.M.C.-Hydra type T.24) Screws, nuts, and bolts, flex, etc. 
4 a-nifd. tubular nxed = condensers t wooden panel, 13 ins. by 24 ins. 
{Dubilier 4513) {f-in. oak-faced plywood) 
| % .or-mid, tubular fixed condenser 1 wooden baseboard, 8ins. by 24 ins. , 
; (T.C.C. type 300) (fin. plywood) 
1 x .oo0o1 fixed condenser (Dubilier type t wooden back-piece, 6ins. by 24 ins. 
665) (i-in. plywood) 
% .0003 fixed condenser ene M.) 4 wooden cross-supports, ite long by 
| 4 12008, fixed condensers (Dubilier type ti ins wide, by Qin. thick. 
t Ultra S.W. HLF. choke (Eddystone ‘ 
I 250,000-ohm 1 watt pexistance” on VALVES 
eae cae Co Bio) t Marconi MH41 
1 t-meg. 1 watt resistance w 
sae (Forme a ith wire 1. Cossar iM xr t sound receiver 
3 I-meg. resistances with terminals 1 Marconi X4z 
(Graham-Farish Ohmites) (ultra-short-wave type) 
1 @-meg. resistance with terminals 1 Marconi VMS4B Vision 
(Graham-Farish Ohmites) 2 Cossor MSG/LA receiver 
1 z200-ohm 1 watt resistance with wire t Marconi MH, 
ends (Amption) 1 Marconi MUr2 rectifier 
 Aenp ta et | 
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You need not worry about mounting the 1-meg volume control, 
the two pillar terminals marked ‘‘ Aa ” and the two insulated screen 
connectors marked “‘ Bb” at this stage, although it is best to see 
that the holes are drilled before the vertical metal “ baseboard ” 
is secured in position which, incidentally, should be the next 
job. | 

With this firmly secured to the back piece of wood, the remainder 
of the components, including those just mentioned, can be fixed. 
Just one further point before approaching the wiring question. 


HOW THE X41 VALVEHOLDER IS MOUNTED 
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Fig. 172—The method of mounting the Xq1 valveholder and the rest of the components 
associated with that part of the circuit will be apparent from this perspective drawing. 
Use it in conjunction with Fig. 171 

The metal] bracket on to which the valveholder for the frequency 
changer is mounted should be cut to shape in accordance with the 
dimensions which, with the aid of the scale, you will be able to 
obtain from the wiring diagram. If you do not fancy making this 
yourself, you will no doubt be able to get it made for you when you 
order the remainder of the metal work. But it requires to be a 
fairly strong bracket. 

Hints About the Wiring. Not a lot can be said in connection 
with the wiring for it is so much a question of following it out 
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carefully from the diagrams provided. In every case where a wire 
passes from one section of the set to another through a hole, the 
holes are marked with key letters which correspond in each diagram. 

You will notice that certain of the wires, particularly in the power 
pack, are metal shielded. This is done with a view to eliminating 
mains interference trouble, but the insulation between the actual 
connecting wire and the metal shielding must be capable of standing 
up to about 300 volts. It is also vitally important that all leads 
passing through the metal work should be very carefully insulated 
from it. The same thing applies to one of the sound receiver output 
terminals—the one nearest the screen. 

When your set is completed and has been carefully checked, 
you will be able to obtain full details regarding operation from 
the chapter which deals with this subject. G. T. K. 

Time Base and Power Pack. The construction of the time 
base and the power pack, and the assembly of the whole receiver 
is not by any means a difficult matter. 

You have read how the radio portion of the outfit is made, and 
with that part completed and carefully checked the rest of the 
television receiver can be started. 

At this point one must consider the accessibility of the whole 
instrument, and it becomes apparent that it is not the sort of thing 
that can be assembled on the kitchen table and hooked up more 
or less anyhow. The various units that go to make it must be 
readily get-at-able but at the same time they must be logically 
placed, sufficiently screened from one another and so situated 
that adjustments can be made without difficulty and with safety. 

This latter point is most important. In a receiver of this type 
we are dealing with voltages of up to 3,600 and they cannot be 
regarded with impunity. At the same time, though complete 
screening of the high voltage sections would be ideal from a safety 
point of view it renders adjustments tedious, and the sections 
would increase in weight and unwieldiness. 

What has been done in the construction of the television receiver 
illustrated is suggested as a good method of providing reasonable 
safety and complete accessibility. 

Special Chassis. An iron chassis or framework is made with 
four compartments (Fig. 173). The top one takes the time base 
and the cathode ray tube. The second one down takes the radio 
set and its power pack. The third is for the speaker, and the bottom 
shelf is where the power pack for the time base and tube is placed. 

If desired, the whole of the framework, except the panels, can 
be covered in with sheet iron, rendering the whole thing com- 
pletely shielded and also absolutely safe to all but the most careless. 
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- We qualify the safety of the apparatus because we want it to 
be realised that a television set is one that holds definite danger 
in the way of electric shock to any who is not circumspect in his 


handling of 
the set. 
Provided 
only the 
controls are 
touched dur- 
ang the time 
when the 
power is on 
no harm will 


But if the 
intervals of 
the time 
base or its 
power pack 
are given 
attention 
while the 
power is on 
ja very nasty 
shock is al- 
most inevit- 
able. Very 
Kr i ghtening 
to read 
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Fig. 173-——The metal chassis constructed for holding the television 

outfit, The chassis goes en bloc into the cabinet after the setting 
adjustments have been made 


about, no 
doubt, but forewarned is forearmed, and there is no need to get 
a shock at all. 

Through all the experiments that were made during the designing 
of this receiver, and many of them were carried out with much 
more rough and ready hook-ups than the layout shown, no shock 
of any kind—electrical, that is—was received. This was simply 
because care was taken that no adjustments except to the proper 
controls were made without the juice being switched off, and time 
given for condensers, etc., to discharge through the various resist- 
ance paths. 

The chassis was chosen because it, allows the whole apparatus 
to be tested out in the form in which it will finally be used, and the 
whole chassis can be inserted in the cabinet when the tests have 
proved themselves satisfactory. Incidentally, the wiring of the 
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time base can most conveniently be carried out while the base- 
board is tm sti# in the top section of the rack. 

High Voltage Meter. It may be mentioned here that one of 
the most valuable pieces of apparatus when building and testing 
a television set is a high voltage electrostatic meter. It is not 
necessary to buy one with a high maximum ; one with a full scale 
deflection of 450 volts is quite convenient. This meter is con- 
nected up on a board with terminals and resistances in accordance 
with Fig. 174 and are connected in series with each other to form 
the circuits 
shown. CHECKING THE VOLTAGES 

Various 
voltage maxi- 
ma can .be 
obtained from 
450 to 3,600. 
This is most 
useful, for it 
enables the 
power pack 
voltage out- 
puts tobe r 
tested before , / /MEG* 4 /MEG? 4 2MEG* 4 FMEG?P 2 
they are 
applied to the 
cathode tube i 
or tothe time : notes 
base. Especi- t , 
ally is this f-- 900vV— 





ELECTROSTATIC 
WWE TER 





desirable in 5 

the case of F--/800V eum wm aut mes wn ons om am aan was tm onl { 
the. shield : f 
bias, for we Le ne SEO Y mem we we ee ee we ow we ee en ee oe ow od 


must make Fig. eh aapint electrostatic ee reading up to 450 volts . idea! 
: for television purposes as the voltage readings can be doubled, 
sure that this quadrupled and then again doubled by the use of resistances 


is reaching as shown 
the shield of 
the tube before the actual tube is placed in circuit, 

Testing the Pack. There is very little in the actual construc- 
tion of the time base or the power pack, and it is not necessary to 
discuss the matter in detail. The power pack is best built first 
and thoroughly tested out with the meter, and also given a “ life ” 
or endurance test. This consists in connecting to the mains and 
leaving on for some quarter of an hour to see if anything heats up. 
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Nothing should get hot, but if a faulty resistance is in circuit 
with the potentiometer system on the high voltage side of the 
‘power pack it will show up during this test. 

This test is carried out with the large rectifying valve (RZ1I/150)— 
that for the time base section—pulled out of its socket. We want 
only to test the part of the pack that is delivering power to the 
cathode-ray tube. 
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TELEVISION POWER PACK COMPONENTS. 


1 power transformer type 5STz08 Bre 1 valve-holder for RZ1/150 (Mullard 


1 power transformer type wW/ 14 indicating terminals type B (Belling & 
(Savage) Lee) 

3 i-amnfd. fixed condensers type 951 | 1 ebonite terminal strip 6in, by 1} in. by 
(Dubilier) 3-16th in 


6 4-mid. fixed condensers type 111 (T.C.C.} 
1 a-mfd. fixed condenser type 650 v. 3-3 6th in. 

working (Dubilier) 1 ebonite panel 10 in. by 7 in. by 3-16th in. 
§0-henry smoothing chokes type ABzroo | 1 wood baseboard 24 in. by 24 in. by % in. 


x ebonite terminal strip 11 in. by 2 in. by 


enna 


wa 


(Bryce) j 18 S.W.G., T.C. wire 
smoot ing choke type L.F.21.S. (Bulgin) | Sleeving 

2-megohm potentiometer (Reliance) 3 mm. rubber-covered flex 
‘5 meg. potentiometer (Reliance) 40/36 twin flex 


.I-meg, potentiometer (Reliance) 
2- meg. t-watt resistance (Erie) 


pa ket et fet eed ott et 


T-meg. 1-watt resistance (Erie) VALVES. 
}-mey. 1-watt resistance (Erie) 
12,000 Ohms 1-watt resistance (Erie) x Ediswan M.U.2 
2 5-pin Steatite valveholders type S.W.21 | 1 Ediswan D.L.S.1 
(remove C terminals) (Bulg) t Mullard RZ1/150 
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The power pack is built on perfectly straightforward lines (Fig. 
175), on a thick baseboard with a small panel to carry the three 
controls, and terminal strips or blocks for the terminals. 

The pack is made so that the panel comes at the right-hand side 
of the chassis when the power pack is in position, a door on the 
right of the cabinet allowing access to the controls when the receiver 
is in position in the cabinet. 

Those controls are focusing, shield bias, and main accelerator 
or gun potential. This latter can be left at maximum or any other 
point in accordance with the brightness required on the screen. 
The other two have to be varied when the set is first installed and 
after that should not need touching. 

The circuit of the power pack is shown in Fig. 176, and it will 
‘be seen that a safety resistance is connected across the shield bias 
potentiometer to obviate any danger to the cathode-ray tube 
should the slider of the potentiometer fail to make contact at any 

int. : 
Pha the wiring of the power pack care must be taken that the 
wires are well spaced, and no two wires should touch except at 
junction points. Systoflex sleeving is used but it must not be 
assumed that this provides complete insulation should the wires 
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HOW THE DOUBLE POWER PACK FOR THE TIME BASE IS WIRED 





Fig. 175-—-Every care must be taken in building the er pack that connections are 
made correctly. The power transformers are supplied with data cards on which the 
colour of the wires and details of the outputs from the various windings are given 
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touch, for many of the potentials with which we have to deal are. 
too high for systoflex to prove an insulator. 


THE POWER PACK CIRCUIT 
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Fig. 176—The various transformer outputs can be seen in this theoretical diagram 
of the power pack. Note how the tapped oe is used for the mercury vapour 
€ 


rectifier and the thermal delay switch 


The power pack for the cathode tube and the pack for the time 
base are mounted side by side. They link up together only at the 
earth point, which is connected to the second accelerator or the 
gun of the tube. This point is connected to actual earth, so that 
we have two lots of H.T., one with the positive pole earthed and 
the other with the negative. Therefore the potential between the 
two negatives is something of the order of 3,600 volts, and this 
should be borne in mind when the apparatus is being handled. 

Transformer Connections. The connections of the power 
pack are very simple, but care should be taken that the right ones 
are made, and the leads from the power transformers should be 
carefully checked. A mistake here may upset things very badly 
and even cause the loss of valves and perhaps the cathode-ray tube, 
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The transformers are supplied with coloured leads from the 
various windings, and labels showing the meanings of the various 
colours. The transformers have been specially designed for the 
power pack we are describing and no others should be used. 

All connections that do not go to terminals should be soldered, 
and everything should be tightened up to ensure security. You 
cannot afford to have anything coming loose in a power pack of 
this description. 

The Time Base.—The time base section of the receiver is a 
little more complicated to wire than the power pack, but it is 
quite easy if it is done carefully and slowly. Fig. 177 shows the 

theoretical circuit. 


TO HOLD THE TUBE Do not hurry it. A 
= 2 mistake in wiring 
ee may upset the apple 


cart and will not be 
at all easy to find. 
So do every bit care- 
fully, checking over 
the leads as you go 
on. 

It is best to start 
with the mounting of 
the wooden cradle for 
the cathode-ray tube, 
Fig. 178, making sure 
you have it in the 
right place, and also 
the support for the 
tube valve holder, 
Fig.179. The orien- 
tation of this holder 





eerie. | may vary slightly 
‘ i, “ with individual tubes 
Se 7: so it should be tested 





Fig. 178-——The cradle for the cathode-ray tube is made 
to these dimensions if an A H tube is used. If the CH ; 
is employed a slightly larger cradle will be required fixed on the vertical 


wooden support. 
The valve holder should be so mounted that one pair of deflectors 
in the tube comes vertical, and the other pair horizontal. We have 
so set it that the pair nearer the screen. of the tube is vertical. 
Do not mount all the components on the baseboard before you 
wire up. It is best to start with either one side or the other of 
the time base and to mount the parts as required, Figs. 180 and 181. 
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THE WIRING DIAGRAM OR 
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Figs. 180 and 181—The wiring diagram has been divided into two parts, but a wide 
easily be Pilowed. The numbers against the components ate for 
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THE TELEVISION TIME BASE 
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overlap has been arranged where the two join so that the individual connections can 
the purpose of cross reference with the component list on page 254 
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We commenced with the panel parts and thé power potentio- 
meters. Next came the valveholders nearer the front of the base- 
board and the wiring to these was done, including the filament 
wiring, holes 


being left THE CATHODE-RAY TUBE HOLDER 
through the : ; 24: 
baseboard | # 


where required 
for the connec- 
tion of the fila- 
ments to the 
leads that come 
up from the 
power pack. 
These leads were 
fixed last of all. 

The  perfor- 
ated shields that 
are supplied 
with the poten- 
tiometers can 
be left on if 
desired. They 
act as useful 
protection ; but 
you should re-. 
frain from 
waggling the 
sliders up and 
down the resist- 
ances more than Fig. 179—The valveholder for the cathode-ray tube is mounted 
you Can help. on a vertical piece of wood as shown 
It tends to wear 
them out, and they should never be made to travel fast in any case. 

Note exactly how each component is situated with regard to 
the adjacent ones, and also its orientation. Keep exactly to the 
lay-out and the positioning, for there is little space to spare and 
you do not want the leads to have to run haphazard all over the 
place. Systoflex is again used to cover the bare tinned copper 
wire, and again we recommend that care be taken that leads do 
not touch except at junctions. 

Work back from the front of the time base on the one side, 
and then when that has been wired up tackle the other side. We 
did the right hand side first. | 


| a ‘ 
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The Component Parts.-—You will have to keep rigidly to the 
parts specified throughout this receiver if you are to duplicate 
the results. Valve alternatives cannot be used unless you are 
prepared to spend a long time in adjustment and perhaps alteration 
of resistance values. In fact, in research. 

We strongly advise you not to change the parts in any way what- 
ever, not even in the apparently most simple and every-day 
component. 

The construction of a television receiver is a tricky job from the 
technical point of view. It is so easy to upset the travel of that 
lively spot of light, or more correctly the stream of electrons inside 
the.tube, as you will find when you come to adjust the time base 
for actual scanning. 

If you are going to build the set drop a line to the Editor, for 
television technique 1s tearing ahead and we may have some further 
news to give you. Also if later you strike a snag write to us again. 
Your queries will be forwarded to the proper quarter and we will 
do our best to assist you. But at the outset let us say that a 
television receiver is not a thing you can take liberties with like 
you can in the construction of the average medium and long wave 
wireless receiver. 

As you will see from the circuit the actual time base arrangement 
is very similar to that described on page r99—while the power 
pack is one that has been developed for use with the Ediswan 
cathode-ray tube. The time base circuit, originated by O. S. 
Puckle, uses instead of the diode triode, that he suggests in the 
circuit we gave on page 199, a separate double diode and a power 
valve. This latter is the famous 41 MP and it carries out its task 
excellently. 

The gas discharge valve used on the “ slow ” or picture scanning 
side is an Ediswan helium-filled tube, the HE/ACrx and is par- 
ticularly constant in its operation. 

The wiring diagram of the time base has been shown in as clear 
a fashion as possible. The component values are not marked, so 
that space is not crowded by a lot of lettering. A key to the 
components is provided on another page and reference to this in 
conjunction with the numbering of the parts on the diagrams will 
enable the whole layout to be pieced together without difficulty. 

We obviously could not get the whole wiring diagram. on one page 
of this book, so we have had to split it up, allowing a fair amount 
of overlap between the sections so that no difficulty in following the 
wiring at the divisions should be experienced. 

Filament Feeds.—Note that the helium discharge valve has 
a separate filament feed, and so also have the diode and 41 MP 
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THE WAY IN WHICH EXTENSION HANDLES ARE USED TO 
st’ “SAPACITY EFFECTS Is CLEARLY SHOWN IN 
ee VIE W OF THE FINISHED INSTRUMENT 

EXTREME PANEL AND CHASSIS RIGIDITY IS OF THE UTMOST 
IMPORTANCE (SEE CHAPTER 19) 





ee ne 





BETH mint ye ae 
' 








\ 
& mi? \ 
ial 
> ey > ‘ 
of tel Veja “Vonage Oey 
i ' ' 
BOS, 7 \ 
N \ : 
. ‘ 
i 
"k ‘ Sa a 
4 t 
Bh hs 1 
1 1 mG 
4 ws ' , k 1 
4 4 t 4 ‘ ’ 
van raed ‘ : \ sacra 
EN ay aa ‘ pois 
Eeiceil so ! 
RRA ane ee ee i ; 1 
t 


' oy 
? 7 i rag) 4 pel i 
Hilla a neh tin alnarnaneelatbaninnaieten vind nde el on TS 


HERE 18 A CLOSE-UP VIEW OF THE SOUND SECTION OF THE 
RECEIVER. BY CAREFUL ARRANGEMENT OF THE COMPONENTS 
THERE ARE NO WIRES ASSOCIATED WITH THE DETECTOR GRID 
CERCULT WHICH ARE MORE THAN AN INCH OR 50 IN LENGTH 


THIS FITS IN THE LOWEST PORTION OF THE CHASSIS 
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THE GENERAL LAYOUT OF THE POWER PACK CAN BE SEEN 

HERE. THE RIGHT-HAND GROUP OF TERMINALS ARE 

FOR THE L.T. SUPPLY TO THE TIME BASE. ALL THE H.T. 

WIRING SHOULD BE WELL SPACED SO THAT THE HIGH 

POTENTIALS SHALL NOT STRAIN THE INSULATION AND 
POSSIBLY CAUSE BREAKDOWN 


Plate 


THE HIGH DEFINITION TIME BASE 
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TIME BASE IS SHOWN HERE IN SITU WITH THE TUBE IN 
POSITION. ON THE FURTHER SIDE ARE ALL THE VALVES AND 
COMPONENTS FOR THE LINE SCANNING ANY) IN: THE FORE- 
GROUND ARE THOSE FOR CARRYING OUT THE PICTURE SCAN 

(SEE CHAPTER 19) 
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IN THE IRON CHASSIS 
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THIS IS A RIGHT-HAND SIDE VIEW OF THE TELE- 
VISION CHASSIS WITHOUT THE RECEIVER PORTION 
IN PLACE. 1T SHOWS THE TIME BASE AND POWER 
PACK CONTROL PANELS AND ALSO THE METHOD OF 
TAKING THE LEADS THROUGH HOLES IN THE 
WOODEN FLOOR OF THE RECEIVER COMPARTMENT 


Plate 54 


THE TIME BASE SPEED CONTROLS 
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ADJUSTMENT OF THE TIME BASE SPEED CONTROLS IS BEING 

CARRIED OUT HERE OWING TO THE FACT THAT THE PHOTO. 

GRAPH WAS TAKEN BY FLASHLIGHT THE RASTER ON THE 
TUBE IS NOT VISIBLE 


Plate $5 





ADJUSTING THE FOCUSING OF THE TUBE 
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THE SHIELD BIAS CONTROL IS BEING GRADUALLY INCREASED 

lO GIVE A SHARP PICTURE AND THEN THE RIGHT HAND KNOB 

(ist ACCELERATOR) WILL BE TURNED CLOCKWISE TO BRIGHTEN 
AND TO SHARPEN THE PICTOCRE STILE FURTHER 


Plate 56 


WHEN THE SYNCHRONISING FAILS TO WORK 
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A SCENE FROM A FILM THAT HAS BEEN TELEVISED 

WITH HORIZONTAL SCANNING FROM RIGHT TO LEFT. THE 

SYNCHRONISING HAS FATLED FOR A FRACTION OF A SECOND 

WITH THE RESULT THAT THE TIUME-BASE LINE SCAN HAS 

“RIRED ' TOO LATE, FOLLOWED BY A FEW LINES OF LATE 

SCANNING IN TWO PLACES THE EFFECT 1S MOMENTARY, OF 
( 











C JURSE, BUT IT CAUSES A JUMP TO THE RIGHT IN THE PICTURE, 
AS SHOW 
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UNDER MODULATION 








AN IMAGE OF A TELEVISED FILM AS SEEN ON A 
CATHODE TUBE WITH BAD UNDER MODULATION 


TUBE PROPERLY MODULATED 
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THE SAME IMAGE AS ABOVE BOT WITH THE 

CATHODE-RAY TUBE PROPERLY MODULATED. 

THE PHOTOS WERE TAKEN BY VON ARDENNE, 

THRE FAMOUS CONTINENTAL TELEVISION KE- 
SEARCH ENGINEER 


Plate 
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valves together. These go down to the two 1 amp sections of the 
time base transformer. The seven amp section is taken up through 
three double flex leads to three points on the time base so that 
the voltage drop in the wiring shall be negligible. Do not try to 
economise in this by using only one flex lead. The three are 
necessary, and so is the method of split feeding the filaments of the 
valves so that the power supply is evenly distributed. By this 
means loss of voltage is avoided. This method of feeding was 
discussed at the end of chapter 16. 

For the connections between the units, other than the filament 
leads we have used high tension rubber flex. This is so spaced 
that no two leads touch each other, the leads being passed up to the 
time base from the power pack through holes in the board situated 
at the back of the set section of the framework. Sce Figs. 182 
and 183. 

The leads should be taken up at the back of the framework 
and then passed along under the time base baseboard and its iron 

sheet shield, and 

THE L.T. SUPPLY through the necess- 

ary holes to their 
points of contact. 

Electric-cable clips 
are used to keep the 
leads tightly in 
position on the under 
side of the time base 
baseboard. 

Small spade ends 
should be solderéd 
to the ends of the 
flex leads used for 
the connections to 
the four deflectors 


Fig. 182——The leads from the low tension end of the and to the acceler- 


power pack are grouped as shown. The 1.5 amp wires ator and carbonised 
go to the vaiveholders V2 and V2A; the 1 amp to V8, t alchth 
and three parallel leads go up to the other connections SCTCen terminal of the 


marked 7a, namely to V3, V5, and Vo cathode-ray tube. 

On no account should 

there be any suspicion of ‘‘ whiskers ” on the ends of flex leads. 
Such would easily cause trouble and should be avoided. 

There are two points that need special reference. They aretthe 
resistance and holder on the back of the vertical piece of wood 
holding Vo, for the cathode-ray tube, and the resistance block on 
the baseboard just in front of the same piece of wood. . 
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The resistances in each case are held in position on clips with 


soldering tag® 


These are available in the form of a complete 


five-way block from Bulgin, and one of these blocks is made 
to do duty for both the resistances in front of the support 


and for the one resist- 
ance on the back sur- 
lace of the wooden 
support. 

The five-way block 
is sawn through with 
a hacksaw to form 
one of four pairs of 
clips and one of one 
pair. The latter is 
used on the wooden 
support and the other 
is employed for the 
three resistances on 
the baseboard. These 
are spaced so that 
there is a gap of 
one clip between 


H.T. AND TUBE CONNECTIONS 


eee per 





Fig. 183-—~-Cathode-ray tube connections and the time 
base H.T. leads are connected as shown. H.T.+2 goes 


to component 48 on the time base. H.T.+1 goes to 
No. 36, E goes to E terminal, ist Accelerator to 
‘anode ’’ socket of Vio, Sh. Bias to the resistarce 
No, 14, the filament terminals go to the filament terminals 
of Vio, and the cathode terminal to the cathode of Vio 


the resistance going direct to earth and the other two. 

The cathode-ray tube specified is the smallest type that is really 
useful for television, but a larger tube can be used quite well, 
the Ediswan CH being a good example. The rack and the valve- 
holder base will have to be modified, of course, to take the new 
tube, but the rest of the outfit, except the frame aperture on the 
cabinet, will not have to be altered. 


K. D.R. 





Chapter 20 
OPERATING A TELEVISION RECEIVER 


CONTROLS OF ULTRA-SHORT WAVE SETS-—-TUNING ADJUST- 

MENTS-——-ARRANGING AN AERIAL-——PRELIMINARY TESTS— 

TUNING THE VISION SIDE—FINAL ADJUSTMENTS—CON- 

NECTIONS TO THE TIME BASE—OPERATING THE TIME BASE 

—-THE CABINET DESIGN—CHECKING THE VOLTAGES— 

SETTING THE CONTROLS—OBTAINING THE ‘“ RASTER 7’— 
INTERLACING. 


With any set designed to receive such ultra-high frequencies as 
are employed in television broadcasting, it is undoubtedly a fact 
that success is dependent to a very much larger degree than is the 
case with ordinary wavebands upon the way in which the receiver 
is operated. 

Tuning Adjustments. The three main tuning dials and two 
subsidiary controls are the controls of what are, in fact, two 
entirely separate sets, and the two on the left are used completely 
independently of the three on the right. 

Concerning the purpose of the tuning controls and the way in 
which they should be used we shall have more to say a little 
later on. In the meantime, there are several points in connection 
with installation and initial adjustment to which attention should 
be called. 

For the purpose of preliminary tests, it is recommended that 
the receiving part of the equipment should be regarded asa 
separate unit, and a mains lead should accordingly be fitted to the 
two appropriate terminals on the mains transformer. 

Arranging an Aerial. The question of the aerial arrange- 
ments to be finally employed is one that will depend almost entirely 
upon the locality in which the set is to be used and the distance 
from the Alexandra Palace, and a certain amount of experimenta- 
tion will therefore be inevitable. 

But a start can be made with just one dipole aerial—the details 
of which can be obtained from another chapter in this book, and the 
ends of the flexible leads-in should be connected one to each of the 
two terminals marked “ Aa.” 
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To test out the “ sound ” part of the receiver is straightforward 
enough, for this can be done simply by connecting a speaker to the 
two terminals marked “sound output.” But before a test can 
be made of the vision set—which is, of course, the superhet—it 
will be necessary to make a slight temporary alteration to the 
output arrangements in order to insert a loudspeaker. 

For this purpose a standard type of L.F. choke will be required, 
and the method of connecting it in circuit is as follows. Leave the 
anode of the second detector, or output valve (the MH4) connected 
to one side of the 1-mfd. condenser, but break the wire which joins 
these two points to one of the 10,000-ohm resistances and insert 
the L.F. choke. 

This is only a temporary expedient for testing out the set, and 
the modification should therefore be made having regard to the 
fact that the wiring is to be restored to its original position later on. 

With the choke in circuit, a second speaker may now be con- 
nected to the two terminals marked “ vision output,’’ after which 
the preliminary tests of the set, or perhaps we had better say sets, 
may be commenced. | 

Preliminary Tests. In the case of the sound receiver, which is, 
of course, the straightforward detector and L.F., these preliminary 
tests are for the purpose of checking up (a) whether the detector 
oscillates quite satisfactorily and (b) the condenser setting at 
which the sound station is tuned in. 

For this test you have only to concern yourself with the two 
controls on the left of the panel looking at the front. One of these 
is the tuning condenser and the other one—the smaller knob— 
is the reaction control. It is just possible that for the purpose of 
locating this station in the first instance it may be found an 
advantage to use a pair of phones connected to the “ sound output ” 
terminals. The procedure otherwise is exactly the same as for 
any other one-tuned-circuit-with-reaction receiver, except that in 
this case the dial must be rotated very slowly. 

Tuning the Vision Side. Having locatéd the station and the 
setting at which it is received, put this part of the equipment out 
of tune, and proceed to try to find the vision station on the superhet 
section of the receiver. 

In this case, there are two main tuning dials to be concerned 
with, one for the oscillator (the dial jn the centre of the panel 
looking at the front) and one for tuning. The knob on the extreme 
right is the variable-mu contro! for the first IF. frequency valve, 
and it should be used in much the same way as a similar control 
on any ordinary set. As a matter of fact, the same thing may be 
said to apply to the two other controls—the tuning and the 
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oscillator controls—for their functions are exactly the same as on 
any set employing similar controls. But, of course, in this case 
they must be used very carefully. 

The variable resistance which is mounted on the vertical metal 
‘ baseboard ”’ need not be touched at this stage, since that is only 
intended to be used when you are actually receiving pictures and 
is concerned. with picture definition. 

Final Adjustments. But before the outfit can be used for the 
combined reception of sound and pictures, there is one further 
test that it will be necessary to make. For these preliminary 
tests we have suggested the use of just one dipole aerial. Providing, 
with this arrangement in your particular locality, there is no inter- 
ference with the ‘‘ sound ” by the “ vision ”’ station, and vice versa, 
the one aerial will be sufficient. But if interference does occur when 
each section is tuned to its respective station, then it will probably 
be necessary to use a separate dipole aerial for each section. 

In this case, one dipole should be connected to the points marked 
“Aa” and ‘“ Bb” on the sound receiver, and the other to the two 
terminals correspondingly marked in the vision receiver. Under 
these circumstances, the wire in the set which at present joins the 
two “‘ Bb” terminals must be removed. 

When it has been ascertained that each section is working 
correctly, the L.F. choke in the vision section can be removed, 
the wiring restored to its original position, and the set can then be 
connected up with the rest of the apparatus. 

The set should first be placed in the space provided for it in the 
framework and the mains lead joined to the side of the fuses 
remote from the mains in the cathode-ray power pack equipment. 

Connections to the Time Base. The only other connections 
necessary are from the set ‘‘ vision output’ terminals to the 
time base input terminals marked radio and “FE.” As will be 
apparent from the terminal markings, there is a night and wrong 
way round, and it is important that the “ E ” output terminal on 
the set should be connected to the ‘‘ E ’’ input terminal on the time 
base. This latter terminal must also be connected to true earth. 
With regard to the other connecting lead, that is to say not the 
one between the two “ E”’ terminals, it may be found necessary 
to insert a short wave H.F. filter in series, but that is a matter that 
will depend upon results, and it need not be included for the early 
tests. If, however, the picture appears to be suffering from 
interference, then it is probable that the use of an H.F. filter will 
help to eliminate the trouble. 

Operating the Time Base. It is almost impossible to write 
directions for the operation of the time base that will enable you 
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to go straight to it, turn a few knobs and sit back and enjoy the 
pictures. There is, ‘of course, a right and wrong way to go about the 
adjustments, but you will have to get the “ feel ” of the outfit before 
you get the final adjustments right for perfect picture reception. 

But before we go into the matter of knob twiddling let us say a 
few words about such things as magnetic screens, larger cathode- 
ray tubes, and also the cabinet design. 

It may be necessary in some cases to fit a sheet of iron right 
along under the time base, to screen it from the radio receiver, 
and another sheet of iron below the radio portion, to screen it from 
the television power pack. These screens are just sheets of iron, 
24 in. square and are screwed to the wooden “floors” of the 
sections concerned. The screens have to be connected to earth. 
The chassis itself should also be earthed. 

As regards a larger tube, this is easily fitted if slight changes are 
made in the tube supports and also if the time base baseboard is 
lengthened. We suggest that to accommodate the Ediswan CH 
tube, which is 27 in. long, the baseboard be cut 24 in. square, 
except for the portion where the support for the cathode-ray 
tube valve holder is to be situated. Here the baseboard should 
project rearwards about 4in. It will not necessitate the alteration 
of the iron chassis but will, of course, affect the cabinet, which will 
have to be that much deeper. 

The Cabinet Design. Many of our readers will be skilled wood- 
workers, and they will probably take a delight in building the 
cabinet to surround the chassis according to their own designs. 
Others who prefer to buy the cabinet ready-made will be well 
advised to go to a reputable loca] cabinet maker, or else to such 
firms as Messrs. Peto Scott or other radio kit suppliers, who will 
build to order a cabinet to fit the chassis. The fact that the iron 
chassis is used makes the cabinet design extremely easy, for the 
whole outfit is intended to slide into the cabinet, which should 
have vignettes in the front to allow the controls to be handled, while 
a suitable viewing frame should be fitted to finish off the cathode- 
ray tube screen. A piece of ‘Triplex’ glass in front to protect 
the tube is a good idea. 

On the right of the cabinet, looking from the front, there must 
be two doors, or one large door, so that should any adjustment 
of the focusing of the tube, or the framing synchronising, or other 
side controls be required the door can be opened and the adjustment 
made. These controls will rarely want touching. 

Before placing in the cabinet, however, the time base must be 
set, and it is a good plan actually to receive television pictures 
while the outfit is still in the chassis form. | 
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Checking the Voltages. As mentioned in the previous chapter 
the voltages on the cathode-ray tube must be checked before the 
tube is placed in position, shield and accelerator voltages being 
taken between the grid and anode points of the valveholder Vio 
and the cathode terminal, and the second accelerator voltage being 
taken between the cathode and earth. The shield bias voltage 
should control between about 40 and roo or more, the first accelerator 
between about 250 and 1000, and the earth-to-cathode voltage will 
be between about 1400 and 2500 volts. This latter is not critical. 

The voltage controls are on the power pack panel, the top left 
being the shield bias (maximum bias to the right) the first accelerator 
voltage being on the top right, maximum voltage to the right, 
and the main accelerator voltage control is the bottom knob. 
See Fig. 184 below. 


THE VOLTAGE CONTROLS 


2% 


Yas 





iter. a 7 


Careoot TUBE CONTROLS 
Fig. 184—Three controls are used on the poet pack panel and they ate placed as shown 
ere 


Having checked the voltages, and seen that the time base valves 
light up, and the gas-filled valve (V8) “‘ flashes ’’ wait a minute or 
two with the cathode tube still out of its sockets, and the deflector 
flexible connections placed so that the ends cannot touch anything. 
Watch the time base to see that the gas-filled valve continues 
regularly, You can alter the positions of the two left-hand knobs 
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on the front of the set and see the effect on the V8. You will be 
able to “ turn it out ” by these knobs (Fig. 185). 
You will probably hear a high-pitched faint whistle all this time. 
It comes from the multi-vibrator valves, V2, V2a, and V3. | 
Now switch off the whole set. Allow it a minute to discharge 
all voltages through the various potentiometers. Connect up the 


THE MAIN PICTURE CONTROLS 





fRonrT of Yime BASE 


Fig. 185—The four controls on the front of the time base are shown here. They are 
mounted so that the spindles come forward to project through the cabinet when the 
outfit is placed in final position 


cathode-ray tube. Set the power pack controls to minimum in 
the case of the bottom one. The others should be set half-way 
round in the case of the top right control and fully round to the 
right in the case of the left-hand control. 

Now switch on the power. The switch, by the way, is best fitted 
somewhere handy on the cabinet, or it can be left as a control on 
the wall socket to which the set is connected. We assume, of course, 
that the set has been wired so that its power transformers are 
connected correctly for the mains voltage to be used. And as the 
television set will take some 250 or more watts it should be used 
on a power plug if available, and not the lighting supply. 

Setting the Controls. While the set is warming up, set the 
time base controls as follows. We are assuming that no television 
signal is coming through, so we set the resistance control at the 
bottom left of the time base panel about half way round. 
Fig. 186. Then we set the right-hand control in the front (Fig, 185) 
fully to the left. The 50,000 ohm potentiometer on the baseboard 
(B) is set about half way round (this should be done before 
switching on, by the way), and then we await events. 
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After a time the time base valves will warm up, and later still 

the power pack thermal delay switch will trip and you may see a 
line or series of lines on the front of the tube. 


ON THE SIDE PANEL OF THE TIME BASE 
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Fig. 186—The side panel on the time base has these controls on it. A is used in 
,conjunction with the baseboard contro] B 


If nothing appears after a couple of minutes, and you can see 
that the valve MUz in the power pack has a blue glow round its 
plate, you will know that the cathode tube is “ on,” but that the 
shield bias is too great to allow a spot to appear. 

Reduce the bias slowly by turning the knob gradually to the left. 
The moment the spot or streak of light appears on the screen, 
stop turning and turn the right-hand knob slowly to the right. 
Continue until the spot or lines are fairly sharp, adjusting first 
the right-hand and then the left-hand knob, but always keeping 
the latter as far to the right as is conducive to sharp focusing. 
‘Always run the tube with the left-hand knob as far to the right as 
possible, for so doing lengthens the life of the tube, and the reverse 
effect is obtained if the knob is set too far to the left. 

With the tube fairly well focused, well enough to allow you to see 
what is happening on the screen, set to work to set the rest of the 
controls. 

Obtaining the Raster. Turn the left-hand of the right- 
hand pair of knobs on the front to the right fairly fully, and turn 
the two left-hand knobs to the right, altering their relative settings 
until you get a picture frame of light of proportions roughly six to 
eight. If it is not in the centre adjust the two shift or centreing 
controls on the side of the time base (right-hand knobs on the 
panel) till the “ raster ’ is central Fig. 187. 
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Vary the left-hand knob of the right-hand pair on the front of 
the time base, and the top left-hand knob on the panel antil the 
length of the scanning line (horizontal) is right. Probably the right- 
hand knob of the left-hand paif on the front will have to be turned 
to the right 
before the 
length is 
correctly 
held, while 
adjustments 
on the left- 
hand knob 
of the left- 
hand pair 
will also be 
required. 

When the 
raster is 
roughly right 
you can turn 
your atten- 
tion to the 
Fig. 187-—'' A’ shows the picture frame too low, ‘'B’’ too tuning td of 
much to the left, and ‘‘C”’ in the correct position. Alterations 2 television 


of position are made by the controls on the right of the side panel : 
on the time base | picture as 
described 


elsewhere in this chapter. With the signal tuned in you may 
vary the synchronising control and the time base knobs again 
until the raster appears steady and constant in appearance. 

If it appears to have a bright line on the left-hand side (Fig. 188) 
the deflectors Ar and Az should be reversed—the tube is being 
scanned the wrong way. The white line should be on theright- 
hand side, and the picture on decreasing the speed by turning 
the right-hand of the left-hand pairs of knobs to the left should 
appear to be “ flashing ’ upwards. 

If you are in a good position for radio reception of television 
you should on receiving a picture be able to turn the bottom knob 
of the left-hand pair on the panel of the time base completely to 
the right. If the signals are not very strong you will have to have 
this knob turned a little to the left. You will soon see by the 
picture “ holding powers ’’ of the time base how much the knob 
wants turning. 

The modulation of the picture—that is its strength—is controlled 
by the volume control on the receiver. If it is turned up too much 
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the picture will be too black, and if not enough, the picture will be 
badly defined. 

Streaks and blobs on the picture may mean that too much volume 
is being used, 
or that the CHECKING THE SCANNING DIRECTION 
synchronising pire Bano Wurre BAND 
control is too 
far round to 
the right. 

It is im- 
possible to tell 
you exactly 
what to do 
right from 
start to finish. 
The best 


teacher is ex- Fig. 188-—If your raster appears as in “ A,’’ with a thin white 
; and _ line on the left of the screen you have the tube scanning the wrong 
: way atid must change over the connections to the horizontal 

we advise deflector, The raster should be as in ‘‘B’’ 


you, after 

getting the raster reasonably correct as per instructions, to 
experiment for yourself. There is no need to alter the tube power 
pack adjustments after the sharp bright image of the tube has been 
achieved, Just “play ’ with the controls on the time base, one 
at a time, returning to the previous setting each time as you find 
out exactly what each control does. It is the best way to learn 
how to control the television receiver. 

Interlacing. Finally, a word about interlacing pictures. The 
E.M.I. system is to use interlaced scanning. This is somewhat 
different from the ordinary straight type. The present time base 
will deal with it quite successfully, but it may want a slight 
alteration. This alteration cannot at the moment be discussed as 
the full details of the system to be used are not available at the 
time of writing, but those who build the outfit should keep in 
touch with the Editor of this book when details for modifications 
and the method of switching from Baird to E.M.I. reception with 
the time base will be explained to correspondents as soon as 
details are available. 

A last word. Do not make any internal adjustment, or change 
any connection, and this includes voltmeter connections, while 
the power is ‘‘on,” Always switch off and leave for one minute 
before delving into the interior of the set in any way. 
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K. D. R. 
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A GUIDE FOR TELEVISION SET BUYERS 


CATHODE-RAY OR MECHANICAL SYSTEM ?—SIZE OF RECEIVER 
—PRICE CONSIDERATIONS—EASE OF CONTROL-——SINGLE OR 
DOUBLE-CHANNEL SETS ?—~DIRECT OR REFLECTED VISION ? 


The final choice of a television receiver from the various types 
and prices of sets that are available on the commercial market must 
always, and obviously so, remain with the prospective purchaser. 

We can in this chapter give one or two hints as to what to look 
out for and what to avoid in the choosing of your first high- 
definition television receiver, but the final choice remains with 
you. 

Cathode-Ray or Mechanical? There are two main divisions 
in television receivers; the cathode-ray type and those that are 
operated on what is called the mechanical system. Which is 
to be the better of the two to choose, provided that a good selection 
of either is available ? 

That is difficult to say. Both have their advantages and dis- 
advantages. The question of size and cost we will deal with later, 
but in this part of the chapter we can well raise the point of noise 
of operation, and flexibility (Fig. 189). 

Noise of operation is completely absent in the cathode-ray 
type of receiver, but, owing to the fact that the mechanical type 
of viewer requires moving parts, there is always a risk of noise with 
this type of machine. The noise should not be obtrusive, or in our 
opinion the receiver is not worthy of consideration, but you will 
have to bear in mind the question of noise and how much will be 
noticeable when you have the set at home in a quiet room. 

Someone will be sure to say now that the sound programme 
will drown any motor hum. It might do so; but the effect of 
pauses in the sound, such as occur in news-bulletins, and in drama 
and the like, will be ruined if a bad motor hum is immediately 
audible from the vision side of the set. So bear in mind this matter 
of noise when considering the receiver, and when hearing and 
seeing one prior to purchase. You will naturally want a good 
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demonstration of your viewer before clinching the deal, and the 
final demonstration should be at your home if possible. 
What is meant by flexibility is the ease with which the set can 


be adapted to 

SUGGESTED LAYOUT ROU MECHANICAL, icinds. any 
slight modifi- 

SPEAKER PICTURE cations that 


may be intro- 
duced as the 
art of tele- 
vision and its 
technique 
advance. 
Television is 
sure to de- 
velop rapidly, 
and you do 
not want to 
have a_ set 
that may soon 
be obsolete, 
unless there is 
a reasonable 
arrangement 
offered by the 
manufacturer 
to modify or 
Fig. 189.--A design of television receiver using mechanical replace the set 
scanning. The vision side has to be well compartmented off and as and when 


fairly sound proof in order that no motor hum or whir shall be ‘ 
audible to the “ looker ”’ the necessity 


arises. 

By modification we do not mean that should any slight advance 
be made which gives, perhaps, better quality pictures you should 
at once expect the manufacturer to include the circuit change in 
your set. That sort of thing is never done in ordinary radio sets, 
and can hardly be expected. 

But if a transmission change is made and if this renders your set 
obsolete and useless, then something ought to be done about it 
on reasonable terms. That is a point that should be inquired about 
when you purchase your set. 

The question of the life of the “ vitals” of the set should also 
be gone into with the dealer. By this, we mean the cathode tube 
if one is used, or the projection lamp and other things in the 
mechanical type of set; the valves, and so forth. Also find out 
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what happens in the way of service, This is most important, for a 
television set cannot~«be serviced by any Tom, Dick, or Harry. 
The local cycle man may be able to put your ordinary radio set 
right for you, but we doubt his ability to service television re- 
ceivers should anything go wrong. 

Size of Receiver. The size of the television receiver will 
depend on several things. First, it will depend on whether you 
want a big picture or a small one (Fig. 190). That is obvious; and 
though at first the size of picture may not seem to be very large, 
as television gains ground the possible size of the image will 


assuredly in- 

crease. COMBINED SET WITH LARGE SCREEN 
Now with a Fic TURE FRAME 

mechanical! ; 


receiver the 
size of picture 
will probably 
not mean 
much extra in 
the way of | Sih 
running cost, Is "t 
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. of the picture, The sipclany control and the change-over switch 
tube replace ‘ for the two systems are on the side - 
ments may be 


very much greater in the case of a large. picture receiver than in 
that of the one giving a smaller screen. That is worth looking into 
‘when you make your choice. | 

We are not going to be dogmatic about this, but raise the point: 
because it is one that you should raise yourself with the dealer 
when choosing the set. After all, a cathode tube costs money, and 
it is not immortal, and asa big tube costs more than a 
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small one to replace the question of size must be borne in mind. 
There is no sense in getting a set that will give you a large picture 
if a small one will do you quite as well. 

The size of picture you want will depend on the size of your 
family for the most part and the size of room in which you will 
install the set. This has been discussed in a previous chapter, 
so we need not go into it here. But don’t forget it when choosing 
your television receiver. 

There tis 

A MODERN TYPE OF TELEVIEWER another sort of 
7. Te size to be con- 

~ - i sidered, too. 

ae That of the 
cay 3 dimensions of 
| } the receiver it- 
fi self. A pedestal 
| Pocrvee model (Fig.19r). 

! | CONTROL 5 is probably the 
I most conveni- 
; | ent if you have 
on : Viceg o> for it. If 
\ Uy Usk Fine not you may 
as, prefer one of 
the table types, 
perhaps having 
vision only in it 
with another set 
for the sound. 
In this latter 
case you could 
Wt run the speaker 
as it round by an 
ah Sg ll} extension wire 
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‘Price Considerations. The matter of price will depend on 
‘so many things that we cannot say much about it here. The cost 
of the set will naturally depend on the type of set; its excellence, 
for not every set will be alike in the quality of picture it will give, 
any more than are sound radio sets alike in their loudspeaker 
reproduction, and the size of picture that the receiver will give. 

This latter 


point we have ' RECEIVER FOR VISION ONLY 
already en- Wee PLACED HORIZONTALLY 
larged upon. = eer 





The matter of anit: 
type of set we SICTURE ——= 
have also dis- OCP£&W_ ; 
cussed to some 
extent, though 
we shall have 
something to =; ee 
say about vari- + 
ous modifi- ° 
cations later on. 
The other 
point, that of . 
quality of WF 

Vision, must ey ae TE. ws TA LIMITEO 
rest with the Aefquency COVERAGE, Vo.ume, 
purchaser. He “j7eamine, ON/OFF AND BRILL (ANCE 





must see a CONTROLS. 

i Fig. 192.-~The table model viewer a cathode-ray tube. 
demon stration set necessitates a separate receiver the sound part of 
and satisfy programme 
himself about 


the quality of picture, and of the accompanying sound, that the 
set he thinks of buying provides. Remember that if the quality 
is not toe your liking when the set is first demonstrated there is no 
likelihood of it improving with use. 

A television set is not like a motor car; it will not get better 
as it is “ run in.” Look upon it just as you would an ordinary wire- 
less set, no matter whether it is a cathode-ray or a mechanical viewer, , 

Ease of Control. And now we come to what is perhaps 
most important factor of all; ease of control. Remember that 
television is not the mere reception of a sound broadcast ; it is a 
reception of sound, and, a is more tricky to receive, properly 
synchronised vision. 

Not synchronised only in the same way as the talkies, ie. the 
sound with the vision. That is done for you at the transmitter 


A GUIDE FOR TELEVISION SET BUYERS 873 


and cannot go out of synchronism. What can skip up is: the syn- 
chronisation of the various bits of the picture, and unless the set 
you choose is easy to manipulate you may have a difficult time 
fitting the bits together,” as it were. | 

We do not want to paint a terrible picture of knob juggling and 
of tearing of hair when the set refuses to assemble the televised 
jigsaw. A television viewer worthy of the name will not give you 
all that perturbation, but it will have to be controlled by you up 
to a point, and the degree of control required will depend on the 
individual design of set. 

That is the important point. You want to choose a set that, 
other things being satisfactory, is easy to control. Not one with 
dozens of knobs that have to be varied each time the set is switched 
on. We have drawn a lurid picture perhaps, but any exaggeration 
on our part must be excused as our anxiety to drive home the 
realisation for the need for easy adjustment (Fig. 193). 

We know how 
PROVIDING EASY PICTURE CONTROL wonderful _ tele- 


aia vision can be, 

egie= | =| and we atso 
east 7 3 o know how ter- 
rible it can be if 
the set on which 
one is trying to 
receive it wants 
coaxing like a 
spoilt child. So 
when you have 
your demon- 
stration insist on 
the demon- 
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CWANGEOVER ERILLIANCE OR ©: A 
“tune in” but 
OF DYSTEM SYNCHRONISING +0 throw out of 


Fig, 193.—Some idea of the simplicity that can be reached /, 
aii ae -built commercial receiver will be gained from adjustment 
this sketch. Below the knobs shown are just the receiver every knob that 


controls, which can consist merely of a vernier , 
adjustment and combined volume control and on and off swi itch iS get-at-able in 
ordinary use, 


and then see if you can get the pictures back. 

Remember that at home some member of the household is going 
to twiddle every knob, and if when you return home (to find every 
adjustment upset) you cannot re-set the receiver, that television 
viewer is not going to be any use to you. | : 
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Single or Double Channel? By this we mean complete 
sound and vision or separate sound and vision receivers? It does 
not matter which arrangement you have, but you must have both 
if you are to enjoy television. It is no good having just the sound, 
and hardly better to have only the vision section. Both are 
necessary for full enjoyment. 

The combined instrument will, of course, be larger than the vision 
or sound set alone, and will cost more but it will be compact and 
probably generally more satisfactory than having separate receivers. 

The advantage of separate sets is probably only noticed when: 
room is scarce and it is desired to use table models and to have 
the sound section with an extension lead to the speaker. 

Direct or Reflected Vision? There are two main types of 
television sets on the market, apart from mechanical or cathode- 


ray types. 
These can be THE REFLECTED IMAGE TYPE 
divided into i 


ha 
N 
oo. \ —e ry) ae 
vision cate- 7 Career err | 


gories Auaceo—s 
(Fig. 194). Veerrcaisy# 
There is not 
much to 
choose be- 
tween them. 
In  cathode- 
Tay reception 
perhaps the iy 
reflected Jfeaxer & 
vision 1s in its 
impression a 
little more like 
the home 
cinema (if 
that is a 
re commenda- 
tion) than the 


direct vision Fig, 194.—A reflected image is shown here. The cathode-ray tube 

type but i# mounted vertically and a mirror reflects the picture so that it is 
, viewed horizontally 

apart from 


that and the fact that usually it is possible to get bigger pictures 
in the reflected type of cathode-ray receiver (because they fit bigger 
tubes to that sort of set) there is nothing in it. K. D. R. 
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Chapter 22 


TELEVISION FAULT FINDING 


THREE MAIN SOURCES OF FAILURE — AMPLIFIER 
TROUBLES—-AMPLITUDE AND FREQUENCY DISTORTION— 
PHASE DISTORTION—PLASTICITY—LACK OF “Bass”— * 
LACK OF “TOP ’’—TIME BASE AND TUBE TROUBLES— 
FAILURE TO FIRE—‘' SPARKING ” OF DISCHARGE TUBE— 
HICCOUGHING——-MISFIRING——MISTIMING-—-WRONG SPEEDS— 
OVER MODULATION—UNDER MODULATION—FAILURE TO 
FOCUS—OVER FOCUSING—-UNDER FOCUSING—-NEGATIVE 
PICTURE—INTERFERENCE—A.C, HUM—STATIC ‘‘SPLASHES” 
-—HETERODYNING, 


There are three main sources of trouble in the television viewer. 
The first is the radio portion, or amplifier as it is generally called. 
The second is the time base and the tube itself, including the power 
packs associated with that part of the outfit. The third is inter- 
ference, such as A.C. hum and causes which are often beyond the 
control of the owner of the television receiver. 

Amplifier Troubles. Any form of trouble in the television 
amplifier, on the radio or so-called low frequency side, will have 
its effect on the screen of the television tube. It may not be notice- 
able until the picture is actually being received, but if there is 
any distortion or any mains hum it will be noticeable as soon as 
the programme starts. 

Amplitude and Frequency Distortion. There are three 
main forms of distortion that may occur in an amplifier. There is 
frequency distertion in which certain frequencies are amplified to 
a greater or less extent than others, and there is amplitude dis- 
tortion, in which the wave form of the notes, or signals, are not 
faithfully copied by the amplifier, and loud notes, for instance, 
may become distorted while soft ones come through safely.” 

These two forms are present and noticeable in a sound amplifier, 
so that you can judge that their presence in a vision amplifier is 
particularly deadly. 

Phase Distortion. The third form of distortion isialso present 
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in sound amplifiers, but does nof usually make itself heard. In 
vision amplifiers, however, it can cause quite a lot of trouble. It 
is known as phase distortion, and is usually a “ friend ” of frequency 
distortion. It is the result of time as applied to electrical circuits 
and frequencies. 


SIMPLE FORM OF PHASE DISTORTION 


VA ANS 
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signals sent out by 
the transmitter in the 
form of two waves, 
one of higher fre- 
quency than the other, 
but so in step that 
peaks and zeroes coin- 
cide as shown in the 


\i / first part of the 
diagram. 


Fig. 195—The lower frequency has ‘‘ started out ’’ Now, let us look at 
with peaks and troughs in phase with those of the f tl 
higher frequency. But it has been caused to lag, the second part of the 
with the result that in the right hand eck of the diagram. The two 
diagram we see the lower frequency out of phase with i 
the higher one waves have arrived 
through the amplifier 
in the receiver, but the timing is different. The one of lower 


frequency is now no longer coincident as regards the peaks and 
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troughs of the other. It is “late.” Phase distortion has 
taken place due to some unwanted effect of inductance and 
capacity. 


While such an event would not be heard in a sound amplifier’s 
reproduction, it is disastrous when it is present in a vision amplifier. 

Plasticity. The usual effect of phase distortion is to form a 
double image on the screen, the picture being outlined in duplicate, 
giving what is known as the “ plastic ’’ effect. It is recognized by 
the outline being not only in black but also followed closely by a 
white line Fig. 196. 7 

Especially is the plasticity evidenced when the picture is a 
contrasty one, with sudden changes from white to black as the 
scanning lines go across it. Then the phase distortion will cause 
very peculiar effects, due, it is said, to distortion of the transient 
voltages generated at the transmitter when the scanning switches 
from black to white, and vice-versa. These voltages are phase 
distorted by the faulty receiver, with the peculiar double effect. 

The effect-of amplitude distortion is also to cause false outlines, 
but generally it is noticeable in the lack of detail combined with 
excessive contrast. Not quite the effect of over-modulation, which 
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gives a soot and whitewash effect, but a definite over- 
contrasting of the blacks and whites with a hazy formation of the 
greys. 

Frequency distortion is generally not so prone to appear in a 
moderately well designed amplifier : 
except as a falling off of high or low HE DOUBLE OUTLINE 


— 


notes, or perhaps of both. It is not 
likely to occur in the middle of the 
spectrum, but may easily be present 
after about 6,000 cycles or below 70 
cycles. And the presence of the fre- 
quency distortion, or falling off of 
amplification (there may be one or two 
peaks elsewhere as well), is disastrous 
to the picture quality. 

Lack of ‘‘ Bass.’’ Lack of bass 
will make itself seen whenever there is 
a long patch of black in line with the 
line scanning. Thus in Plate No. 60 Hf 
we show a vertically scanned picture 
with a long “run” of black up the Fie. PO Sai oa ce emoa is 
man’s coat. At the two longest un- . plasticity 
broken runs of the scanning lines we 
see the picture has gone grey instead of black. That means that 
the amplifier has not been capable of giving full amplification of 
the lowest frequencies used by the iransmitter and sent out 
during the televising of the long, black parts of the picture. 

Lack of ‘‘ Top.” If the high frequencies are not well reproduced 
there will be serious lack of detail. Places where the scanning is 
crossing small pieces of black and white, such as a check skirt,.will 
not come out properly. They will be inclined to be a very light 
grey and will appear as a plain piece of scanning instead of a 
pattern. 

The television amplifier, unlike the sound amplifier for ordinary 
broadcast reception, must be capable of covering a frequency 
spectrum of from at least 40 cycles to 2 million cycles. And this 
must be done without any serious cut-off at either end. 

Time Base and Tube Troubles. The first thing to do on 
setting a television receiver going for the first time, as you have 
read, is to switch on the tube and time base, with the tube bias 
control fully negative to cut off the beam. Then when the time 
base is operating, as you can see by the flashing of the gas discharge 
tube, the cathode-ray tube bias can be cautiously decreased and 
the tube focused. 
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So we will start this section of the chapter on faults by con- 
sidering one or two points about the time base, points that can be 
judged before the cathode tube is working. The first is the action 
of the gas discharge tube. If there is not one in the time base, 
then this part of the chapter is not applicable. But most bases 
have one discharge tube, for the picture scanning. 

Failure to ‘‘ Fire.’’ If after warming up the tube refuses to 
‘ fire,” then something is wrong with the H.T. supply or with the 
circuit, or else the bias control of the tube is set too far to the 
negative side. Try reducing this first. Then if there is no firing, 
suspect the circuit itself. 


EVIDENCE OF FAULTY TIME BASE 
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<< CR low speed you will get 
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Fig. 197—Three cathode-ray tube screens showing the time base does not 
the effect on the electron stream when a faulty work at all you get a 


Sern wee stationary spot asin C. 
TOO HEAVY ANODE CURRENT 


| 


If this latter happens switch off 
at once or you will burn the 
screen of the cathode-ray tube. 

If the tube is not controll- 
able for speed the bias and or 
the H.T. feed arrangements 
through the pentode or other 
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well, but the increase of bias I | 
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over a certain point will result | | 


—_W 
in the discharge stopping and | 
being replaced by a display of | 7. 
fireworks in the discharge tube , ty | 

itself. This takes the form of | 

a series of stars or sparks flying Fig. 198—-This sketch shows the appearance 
from the anode to the glass, 7 aoe ines “Gude sg pleas 
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and must be stopped at once by releasing the bias and allowing 
the normal discharge to continue (Fig. 198). 

The reason for thé fireworks is the dragging off of particles of 
the cathode during momentary discharges of colossal current 
(Fig. 199). The cure is to insert a resistance in series with the 
anode of the discharge tube. The time base described in this book 
has one of 500 ohms inserted for the same reason. It keeps a 


check on the maximum current 
through the tube during the discharge. 

Now, assume the tube is discharging 
well, and that it is controllable for 
speed. Reduce the bias on the 
cathode-ray tube slowly and see what 
happens when the spot appears. 

On occasion it may be found that 
on the thermal delay in the cathode- 
ray tube circuit gomg over a spot 
appears on the end of the tube with 
an area of about one inch (Fig. 200). 
if it ummediately begins to melt away, 
do not worry; it is just a sign that 
the bias on the tube is excessive, and 
it can be left like that while the time 
base is examined. 

If the spot does not immediately die 
away switch off at once ; it means you 
have a break in the bias circuit and no 
bias is being applied to the tube. The 
latter is in danger of being burnt out. 
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Fig. 199-—A ‘‘ close up '’ sketch 

of the cathode of a gas discharge 

valve that has been subjected 

to too heavy an anode discharge 

current, resulting in pieces being 
torn off the cathode 





If you have doubts about 
that spot, switch the set on 
with the time base rectifier 
valve removed from the 
holder. The large spot will 
then appear in the centre of 
the tube. Watch it with the 
hand on the on-off switch, and 
switch off if the appearance 
is anything but momentary. 

It is best to test the bias 


on the tube with an electro- 
st at ic wn nd ae hhafnne awnrr 
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switching on is carried out. It should read a maximum of anything 
above 60 volts. 
A word about the MU2 valve. If this shows signs of an electric 
discharge like tiny reddish-white sparks flying across from cathode 
to anode switch off and change the valve. It is usually a sign of 
H.F. oscillation at about 14 metres and may cause damage to the 
power transformer if allowed to continue Fig. 201. 
But to get back to the time 
H.F. OSCILLATION base faults. Assuming the 
r7" discharge valve or valves are 
. going correctly as far as can 
ESLVE ANooE be seen at a glance, how can 
we check the accuracy of the 
scan by looking at the screen 

of the tube ? 
\ If both portions of the 
time base are “‘ firing” the 
\ result will be the white frame 
| of horizontal lines which 
i forms the so-called “ raster.” 
This should be even at the 
l 
8 
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edges and with quite square 
corners. Its size is adjustable 
by means of the speed and 
pitch regulators on the time 
Ri EDOISH WANITE base, and by the deflector- 
DISCHARGE setting potentiometers. 


Fig. pla blue glow in an MU2 valve 
is normal, but the. reddish-white discharge 


is not, lf this a the vaive sh id be 
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If the raster is over to one side, it 
means that the horizontal deflector 
setting 1s out, and if it is too low, it 
means that the vertical setting is amiss. 
(See previous chapter.) 

If the raster is not too good in 
shape, and if it seems to be irregular, 
probably one or other or both the 
sections of the time base are misfiring, 
or else there is some irregularity 
about the H.T. supply. Perhaps there 
is an A.C. ripple on it, causing the Fig. 202—Showing the curved 
line to become wavy (Fig. 202.) 
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Hiccoughing. Another reason for bad outline is hiccoughing 
of the gas-filled discharge valve. This is a process that occurs if — 
the grid resistance is too high and does not allow the valve to come. 
back to its normal state at the end of the discharge. The result 
is that when the condenser begins to charge again the valve almost 
immediately discharges once more, after which it will proceed to 
allow the proper voltage to be reached before the discharge takes 
place. 

If a valve is hiccoughing there is no hope of getting a proper 
picture, for the timing will go awry. 

Misfiring. Misfiring is another fault that may occur at any 
time in the time base, especially where gas-filled valves are used. 
The effect on a picture is that of the lower part of Plate No. 62. 
Here a vertical scan is being carried out, and the scanning lines are 
not always starting early enough. The result is white splashes .on 
the picture. | 

Mistiming. Another form of “ missing ” can be seen in Plate 
No. 57. Here we have the synchronizing trip on the end of the 
scanning line (right to left) of a horizontal scanning picture out of 
timing for a short time. The discharge valve is running late. 
The result is that it is out of step with the picture for a few lines, 
and so the picture is pushed over to the right. 

This type of thing is not infrequent in some cases where gas- 
discharge valves are used for the line scanning. It is usually caused 
through missing a synchronizing signal, causing the valve to fire 
late, after which the timing slips for a bit. The valve is behind 
time and starts late for a few lines, until the synchronizing pulls 
itin again. It is not likely to cause a steady deflection of the picture, 
as shown, but will cause a sudden momentary jerk. The illustration 
merely shows what has occurred, and is not intended to give an 
impression of a steady fault. 

Wrong Speed. Wrong setting of the time base controls, or 
wrong values of resistances and condensers, may result in the 
scanning being at the wrong speed, either in the line scan or in the 
picture scan. If the speeds are far out from correct no picture or 
semblance of picture can be seen. But if the speeds are nearly 
right, then the picture begins to take shape, and when the speeds 
are correct you have the complete picture. 

It is possible, however, to get more than one picture, or rather 
image, at a time. Sometimes two appear, as shown on Plate 
No. 62, Here we have the line scanning in a vertical-scan picture 
running at half the correct speed, while the picture scanning is 
correct. Detail will not often be as good as that shown, but 
uceasionally it is remarkably good. 
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If the picture scan is at half speed and the vertical scan is correct, 
there will be two pictures on top of each other, assuming vertical 
scanning is used. With both picture and line scanning at half 
speed four pictures are seen. 

Over Modulation. A picture with furry edges and heavy 
contrasts often means too strong a synchronising impulse, while 
one with a soot and whitewash ‘effect with heavy black and white 
and no detail denotes that the modulation of the shield of the 
cathode-ray tube is too great. 

Under Modulation. The opposite, namely under modulation, 
will give a very weak picture, something after the style of Plate 
No. 58 (top picture) which, on increasing the modulation, be- 
comes more like the lower picture. 

Failure to Focus. On rare occasions the cathode-ray tube 
will not focus properly. This is due to faulty voltage on the bias 
and first accelerator or focusing electrode. 

Over focusing gives a very clear impression of the scanning lines 
and breaks up the picture into its strip elements too much. Under 
focusing does the opposite—it makes the picture too indefinite. 

Negative Picture. There are two more points that can be 
mentioned here. One is the negative picture, in which blacks come 
out white and white appears black (Plate No. 59). This is 
usually a fault of design, and means the whole voltage polarity of 
signal supplied to the tube is wrong. 

In high definition work the cure is the addition or subtraction 
of a stage of L.F. amplification, or the change of the second detector. 
from leaking grid to anode bed rectification, or vice versa. 

A waggly edge to the raster, one or more black lines across the 
raster (in the line-scanning direction), shaking edges to the picture 
images go to show that there is A.C. in the set or in the time base. 
Fig. 202 shows the waggly raster. Plates 60 and 61 show ‘the 
effects of A.C. on vertical and horizontally scanned pictures. 

If the picture scan is running at 50, and the mains are 50-cycle 
mains, you will get one black band, If the picture speed is 25 and 
the mains are 50-cycle, you will see two black bands. 

Outside interference, especially if induced into the amplifier 
(or receiver) will cause splashes of white or black on the picture. 
They give the effect of rain running down the picture in the case 
of vertical scanning (see top half of left-hand picture Plate 62) 
or of horizontal splashes in the case of horizontal scanning. 

Heterodyning from another station will cause a most interesting 
pattern all over the picture, the pattern varying with the pitch of 
the heterodyne. It is usually like a honeycomb.or wire mesh effect. 

a K. D. R. 


Chapter 23 
STEREOSCOPIC TELEVISION 


“ PLASTIC "’ VISION—-HOW THE STEREOSCOPIC EFFECT 

IS PRODUCED—THE ANAGLYPH-——-THE TELEVIEW SYSTEM—+ 

STEREOPHONIC BROADCASTING——A CATHODE-RAY SYSTEM— 
AT THE RECEIVING END 


The stereoscopic effect is a term which has been coined to describe 
vision in three dimensions. It allows us to see depth as well as 
Jength and breadth, and to realise the relative distances of different 
objects by the way they stand out in relief. We owe this gift to 
the fact that our two eyes are spaced a little apart from each 
other, so that one eye views the same thing from a slightly different 
angle to the other. 

If, for instance, we examine an object at fairly close quarters, 
first with the mght eye alone, and then with the left, we find that 
one eye is always able to see a bit farther ‘‘ round the corner ”’ 
than the other, even when the head is kept perfectly still. 
The two separate impressions so obtained are automatically 
merged by the brain into one “ plastic’’ or three-dimensiona! 
picture. 

How the Stereoscopic Effect is Produced. In the case of 
a painting or photograph, the whole field of view is confined to a 
single flat surface, and although the laws of perspective help to 
give a certain effect of depth, it is never fully convincing. This is 
because there are no “‘ corners to see round.”” Both eyes see 
exactly alike, and the brain can therefore only register a “ flat” 
result. To create an effect of depth on a flat surface, it 1s necessary 
to have two separate pictures, one for the right eye and the other 
for the left, and to so arrange matters that each eye can see only 
that picture which ‘“ belongs” to it. 

This is the secret, for instance, of the ordinary stereoscope. 
Two shots of the same scene are taken simultaneousty through 
lenses spaced apart by the same distance as the eyes. The re- 
sulting photographs are then set side by side, and viewed through 
two separate eye-pieces each consisting of a wedge-shaped lens, 
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as shown in Fig. 203. In this way the eyes receive two distinct 
impressions, and merge them together to give a life-like effect. 

The Anaglyph. An arrangement, known as the Anaglyph, 
has been used to give three-dimensional effects in the cinema 

theatre by projecting two films 
phcid ahaa ARRANGEMENT on to the screen simultaneously, 
LEE one in red hight and the other 
in green. The audience views 
~ the screen through spectacles 
Fi. 203 Stereoscopic photos are viewed = fitted with red and green lenses, 
roug se palate eye-pieces, each ; : 
consisting of a wedge-shaped lens so that one picture is seen only 
by the right eye and the other 
by the left, the effect of the combination being as before. 

In a modification of the same principle, two pictures are pro- 
jected on to the screen through two Nicol prisms, similar to those 
used in a Kerr cell, so that the light which carries one set of pictures 
is polarized in a different plane to the other. Again the observer 
must use special spectacles, but this time the eye-pieces are 
differently polarized so as to pass the two pictures to separate 
eves. 

The Teleview System. In the so-called “ Teleview ”’ system 
a stereoscopic effect is produced by throwing both pictures on to 
the screen alternately, instead of simultaneously. The observer 
looks at the screen through a rotating disc with cut-out sections 
which expose each eye in turn. Finally, there are methods which 
depend upon the use of a special screen “ backed”’ with a series 
of lenticular ribs or corrugations, which reflect the pictures back 
directly with the eyes of the observer. This produces the required 
“plastic ’ effect without the necessity of using spectacles or any 
other special viewing device. __ 

Attempts have already been made, on the lines indicated, to 
apply the stereoscopic effect to television, though, as might be 
expected, the subject is still very much in the experimental stage. 
It is, however, possible, even to-day, to produce the desired effect 
on the cinema screen, and what is possible one year may be common- 
place the next, both in the cinema theatre and on the viewing- 
screen of a television set. Although we still require further 
technical advances, this does not mean that stereoscopic television 
will not finally arrive. 

Stereophonic Broadcasting. At this point it may perhaps be 
of interest to refer briefly to the parallel problem of stereophonic 
sound which arises in ordinary broadcasting. When seated in a 
concert hall, sound reaches us from different angles. More par- 
ticularly a piven note or chord will take a slightly different path 
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to the right ear from that by which it reaches the left ear. 
Obviously this means that there must be a smatl difference of 
phase in the sound wave picked up by the two ears. — 

Like the eyes the two ears are spaced apart in the head, and 
just as this separation gives rise to a stereoscopic effect in vision, 
so there is a stereophonic effect in sound which gives a definite 
impression of “ depth” to what we hear. No one, for instance, 


A CATHODE-RAY STEREOSCOPIC TRANSMITTER 





Fig. 204—Two cathode-ray tubes alternately scan the picture from slightly different 
angles in this interesting method 


can dispute the fact that music reproduced by a loudspeaker— 
or by a gramophone for the matter of that—sounds much “ flatter ”” 
than when heard in a theatre or concert hall. 

The production of stereophonic sound calls for much the same 
treatment as that already indicated for stereoscopic sight. In other 
words we must radiate two carrier waves, each fed by microphones 
which are spaced apart by the same distance as our ears, so that 
the two outgoing waves are modulated by sounds slightly out of 
phase with each other. At the | 
receiving end, each carrier wave By OCKING VOLTAGES 
is separately rectified and fed to 
a pair of loud speakers, which m7 m4 r | | A 
then reproduce the sound with its 
true or natural effect of depth. 

Whilst these are the ideal 8B 
conditions for broadcasting sound, JIULI LL 
they are, of course, impracticable pip sos—tere you see a 


: es entation of the cut-out 
in the present over-crowded state representation of the cut-out 
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A Cathode-Ray System. In the Marconi system of stereoscopic’ 
television, two cathode-ray transmitters are arranged so that they 
view the picture to be televised from slightly different angles. The 
picture is scanned by each tube alternately; that is to say, the 
first scanning line is taken by the first tube, the second line by the 
second tube, the third line by tube No. 1, the fourth line by tube 
No. 2, and so on. Whilst one tube is scanning its own line, the 
other tube is cut out ‘of action, and vice versa. 


STEREOSCOPIC USE OF THE ICONOSCOPE 





Fig. 206-—-Showing how a tube of the Iconoscope type is used in the Marconi 
Stereoscopic system 


As shown in Fig. 204 the two cathode-ray tubes T, T1, are coupled 
through two pairs of push-pull amplifiers V1, Vz, and V3, V4 toa 
generator valve O, the oscillations from which are amplified 
by the push-pull valves and applied to the control grids of the 
cathode-ray tubes in order to throw them periodically above and 
below “ cut-off.” As this is designed to make each cathode-ray 
tube effective only during alternate scanning lines, the generator 
valve O is, of course, tuned into step with the line-scanning 
frequency. 

The grids of the first pair of valves V1, V2, are so biased at K 


STEREOSCOPIC TELEVISION - 287 


that each valve only passes current during alternate half-cycles, 

and the shape of the blocking voltages applied to the cathode- 

ray tubes T, Tx is as shown at A and B in Fig. 205. These voltages | 

it will be seen are in phase- 

opposition, so as to ensure “ inter- SCANNING VOLTAGES 

leaved ” scanning. ye . mn 
The cathode-ray transmitters dA oy [7 AV A 

are of the Iconoscope type, more © ~ “ % 

fully described in another chap- 


ter. In this type of transmitter ot “4 fi 
the scene to be televised is yay VAVAY iA 


focused on to a photo-sensitive Fig, 267—The saw-toothed curves which 
“‘ mosaic ” electrode, and is then ensure ‘‘ interleaved ’’ scanning 
scanned by the electron shown 
from the anode or “ gun” part of the tube. : 

Fig. 206 shows one of the tubes in greater detail. The photo- 
sensitive electrode M is set at an angle to the main axis of the tube 
so that the view to be transmitted can be focused on to it through 
an outside lens K. As the rays of light from the lens strike against 
the electrode M, they set up electric charges on the “ mosaic” 
surface of photo-electric cells. The distribution of these electric 
charges follows the varying light-and-shade values of the original 
pictures, so that the electrode as a whole acts in much the same 
way as a photographic plate, except that it produces an electric 
image instead of a chemical one. 

Meanwhile the electron stream from the gun or anode A is being 
swept over the surface of the mosaic, in the usual scanning motion. 


- CATHODE-RAY STEREOSCOPIC RECEIVER 





Fig. 208—A single cathode-ray tube is employed at the recettét 
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It will be noticed that the first or line-scanning frequency is applied 

from a pair of coils L, whilst the second and slower “ frame ”’ 
frequency is supplied by a pair of condenser plates C. 

As the cathode ray passes over the mosaic electrode M, it “ dis- 

charges” the 

DIRECT VIEWING electric image 

produced by 

the light rays 

from the lens 


K, and sends 
corres ponding 
pulses of cur- 


Fig. 209—The stereoscopic rent thr ough 
viewing screen and cabinet. an out put 
A ‘‘solid ’ effect is ob- . 

tained with this system resistance K. 
without the need forspecial These pulses 


spectacles to be worn by 
the ‘looker ’’ of current 
constitute the 
picture signals. After being amplified 
at V they are fed through a modu- 
lator M to the transmitting acrial. 
The Figure only shows one of the 
two tubes in action. The second 
tube, corresponding to T1 in Fig. 208, 
is meanwhile receiving a similar view 
of the same picture from a second 
lens, which is, as already explained, 
slightly displaced from the lens K, in order to obtain the 
stereoscopic effect. The output from this second tube is similarly 
fed to the modulator M, and supplies its own quota of picture 
signals to the transmitting aerial. 

But as already explained, the output from the two tubes must be 
“interleaved ’’ so that a line of picture signals from one tube is 
followed by a line of picture signals from the second tube, and so 
on, inregular sequence. This is ensured by feeding the line-scanning 
voltages to the control clectrodes L, C of the two tubes alternately, 
as indicated by the saw-toothed curves marked A1, Br, in Fig. 207. 
In both upper and lower curves only the full-line voltages are 
effective at any given moment. The dotted line or ineffective 
portions correspond, of course, to the “idle” periods produced 

‘in each cathode-ray tube by the blocking voltages A, B shown in 
Fig. 207. 

At The Receiving End. The receiver is shown in Fig. 

209. Frem what has already been said it is clear that the 












i 


H 
4 


t 
« 4 
4 


7 
4 


HOW A “NEGATIVE” IMAGE WILL APFEAR 
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IF THE OUTPUT FROM THE RADIO VISION RECEIVER IS OF 

WRONG “ POLARITY ” A NEGATIVE PICTURE WILL APPEAR ON 

THE SCREEN AS ABOVE. THE CURE IN HIGH DEFINITION TELE. 

VISION RECEPTION IS TO ADD AN L.F. STAGE OR TO CHANGE 

THE METHOD OF HUF. RECTIFICATION FROM AN ANODE BENT) 
; VALVE TO LEAKY-GRID OR VICE-VERSA 


Plate 59 


LACK OF “BASS” A.C. INTERFERENCE 
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THE EFFECT ON VERTICAL BLACK BANDS ON THE 
LINE SCANNING OF LACK OF PICTURE DENOTE A.C. IN- 
BASS RESPONSE IN THE TERFERENCE THE NUMBER 
AMPLIFIER THIS PHOTO OF BANDS VARIES WITH THE 
ALSO SHOWS VERY CLEAR PFREOUENCY OF THE AC. 
SCANNING LINES, DENOTING SUPPLY AND THE SPEED OF 
THAT THE CATHODE TUBE THE PICTURE SCAN 


iS TOO HIGHLY POCUSKD 


Plate 60 


RUINED BY A.C. RIPPLE 
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HERE WE SEF THE DISASTROUS EFFECT OF 50 CYCLE A.C. RIPPLE 
ON A 25 PICTURE-PER-SECOND SCANNING. IT IS USUALLY DUF 
TO INSUFFICIENT SMOOTHING IN THE TIME BASE 


Plate 61 


TWO COMMON FAULTS IN CATHODE-RAY RECEPTION 
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Plate 62 
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incoming signals will consist of interleaved “lines” of picture 
elements, coming alternately first from one transmitter tube and 
then from the other. These are amplified at V and fed to the 
control grid of a single cathode-ray tube R. Meanwhile the 
synchronizing frequencies are tapped off to a second amplifier 
Vi and fed through filters F, Fx to the line-scanning and frame- 
scanning coils L, Lz in the usual way. 

Now it is necessary to deal with the two sets of picture signals, 
so that, instead of being seen as one complete whole, the two 
‘interleaved " series of scanning lines are in effect separated 


SEPARATING THE TWO PICTURES 
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Fig. 210—The grating ensures that each eye sees only the lines of the picture appro- 
priate to it 


into two independent pictures, one to be viewed by the right eye 
alone and the other by the left eye alone. 

To do this the cathode-ray tube R is first mounted vertically in 
its cabinet as shown in Fig. 209, and a special adapter or grating G 
is placed just above the fluorescent screen. The grating consists 
of a series of opaque strips separated by transparent spaces of the 
same width, the number of strips and spaces being equal to the 
total number of scanning lines. The opaque strips of the grating 
G are arranged end on to the eyes of the observer, as shown in the 
Figure, and their effect is to mask one set of “ interleaved” 
scanning-lines from say the right eye, whilst leaving that eye free 
to see the second set of scanning lines. j.c. J. 
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Chapter 24 


“WHITE”? LIGHT--THE PRIMARY COLOURS-——COLOUR- 

SELECTIVE CELLS AND LAMPS—THE BELL TELEPHONE 

APPARATUS—SINGLE-DISC SYSTEMS—-TELEVISING COLOURED 

FILM—SINGLE CHANNEL METHODS—COLOUR IN THE 
CATHODE-RAY TUBE. 


All colour is derived from ordinary “white ”’ sunlight which, as 
Newton showed, is really an intimate mixture of the seven colours 
of the rainbow, namely red, orange, yellow, green, blue, indigo, 
and violet. He proved this by passing a beam of white light through 
a glass prism, which bends or refracts short waves more than it 
does long waves. In other words, the prism acts as a filter which’ 
receives the different colours contained in white light and sorts 
them out into a spectrum with the shortest wavelength (violet) 
at one end and the longest (red) at the other. To make assurance 
doubly sure, Newton reversed the experiment and showed that the 
rainbow colours when mixed together in their proper proportions 
recombine to form white light. 

A rose is red because it reflects from sunlight only the red wavesw 
and absorbs the others. Similarly, a ray of white light is not 
really stained—as the old philosophers thought~—when it passes 
through a piece of coloured glass. The glassis simply transparent 
to one particular colour and not to the rest. 

But the eye does not have to receive all seven of these colours. 
At least, not separately. It responds fundamentally only to red, 
green, and blue or violet, and builds up the remaining tints by 
mixing these in suitable proportions. The sensation of yellow, 
for instance, is produced by a mixture of red and green rays, 
purple by a mixture of red and blue, and so on for all colours outside 
the three primary ones. 

The Primary Colours. When, therefore, we tackle the 
problem of printing or photographing things in their natural hue, 
we need only concern ourselves with the three primary colours, 
leaving the eye to fill in the gap and complete the full range. In 
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three-colour printing, for instance, one negative is taken through 
a red filter, a second through a green, and a third through a blue. 
The same number of coloured inks are used when transferring the 


A PHOTO-CELL MYSTERY 
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~The reason why different kinds of 

----- ---[s‘ respond differently to various 
colours is still something of a mystery 
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negatives to paper. The result 
may display all the tints of 
the rainbow. 

The same principle under- 
lies all systems of colour 
television, though there are 
various ways of applying it. 
In general, reliance is placed 
upon the colour-selectivity 
of the photo-electric cells at 
the transmitting end, whilst 
filters or special sources of 
coloured light are used at the 
receiver. 


The fact that different kinds of photo-electric cells respond 
idifferentially to light of different colours is of great interest. Why 
exactly they should do so is still somewhat of a mystery, but 
Fig. 211, for instance, shows the selective colour-response of a group 
of cells in which the cathodes consist of the hydrides of different 


‘alkalimetals. Fig. 212 shows 
the even more pronounced 
discrimination between blue 
and red light of cells contain- 
ing specially-prepared films 
of potassium, caesium, and 
rubidium. 

At the receiving end the 
primary colours are thrown 
on to the screen from 
suitable filters placed in 
front, either of a single source 
of “ white light (which, of 
course, covers the whole 
spectrum, or from two or 
more coloured sources, such 
as a Neon lamp for the red, 
and a mercury-helium glow 
lamp for the green and blue. 

Colour-Selective Cells 
and Lamps. One of the 
pioneers in colour television 
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is Jan Van Szezepanik, who as far back as 1897 designed an 
arrangement in which the object was scanned by two mirrors 
mounted to vibrate at right angles to each other. At the trans- 
mitting end the reflected rays were thrown on to a bank of light- 
sensitive cells, which responded selectively to the different natural 
colours concerned. 

At the receiving end, the light from a lamp was first passed 
through a prism, thus producing a coloured spectrum, and control 
signals were then applied so as to ensure that at any given instant 
only the particular ray required to produce the natural colour of the 
object was allowed to pass through the scanning device on to the 
screen. This system-is probably more ingenious than practical, 
but is quoted in order to show how early in the art attempts were 
made to secure the effect of natural colour. 


TRANSMITTER USING A SINGLE DISC 





Fig. 213—Only one scanning disc and a single arc lamp figure in this ingenious 
colour television transmitter 


The Bell Telephone Apparatus. Coming to more recent times 
we find the Bell Telephone Laboratories developing a system using 
three separate wavelengths, one for each of the primary colours, 
which would, of course, require more ether-space for broadcasting 
than is practicable under present conditions. Actually the scheme 
was intended to allow one person to see another in his or her 
natural colours whilst speaking over the telephone, and here, of 
course, the three different signals could be conveyed along as many 
separate lines ; or they could be superimposed on different carrier- 
waves and fed into the same transmission line, say, for wired- 
wireless television. | 

With three channels it is possible to use a photo-electric cell 
which, instead of being selective to one particular colour, responds 
more or Jess equally to all three primary colours. One. with a 
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cathode of sodium treated with sulphur vapour and oxygen is 
found to give the required results. 

As the modulators, amplifiers, and other intermediate parts 
used in colour television are in most cases identical with those 
employed in the standard systems already described in previous 
chapters, we can confine our- 
selves to the essential terminal THE BANK OF CELLS 
apparatus. 

Single-Disc Systems. As 
shown in Fig. 213, there is 
only one scanning disc S, and 
one arc-lamp L. The arrange- 
ment of the bank of photo- 
electric cells is shown in 
Fig. 214. 

Although non-selective cells 
are used, each individual cell 
is covered by a red, green, or 
blue colour filter, so that it 
responds only to that par- 
ticular component of the light 
as it is reflected back from cells is arranged 
the subject. But the total 
response of the red-filtered cells to the red component of the 
received light must be made equal to the total response of the 
blue-filtered cells to the blue light, and similarly for the green. It 
will, therefore, be seen in Fig. 215 that only two “ blue”’ 
cells are used, these being far more sensitive than the others. 
Eight “green’”’ cells are required, and no less than fourteen 
“red "’ to give a uniform overall colour response. The various 
cells are alternated or mixed with each other, as shown in 
the Figure, in order to avoid coloured ‘‘ shadows” in the resulting 
picture. 

As the subject is explored by the light from the lamp L through 
the scanning disc S, Fig. 213, the reflected light 1s thrown back on 
the bank of P.E. cells indicated in this Figure at C. All the red 
cells are coupled together and feed their combined output to the 
amplifier marked R. The green and blue cells are similarly bonded 
together and coupled to the amplifiers marked G and B respec- 
tively. From here the various currents are passed through modula- 
tors and further amplifiers (not shown) to three separate outgoing 
lines. Of course, colour filters need not be used if the photo- 
electric cells are of the kind which are inherently selective to the 
three primary colours. 
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At the receiving end the red, blue, and green signals are applied 
to three different glow-lamps, one of neon for the red, the second 
of argon fitted with a green filter, the third being also of argon, but 
fitted withe blue filter. Each lamp is controlled by a switch which 
automatically brings the three successively into operation. 

Or instead of this arrangement the one shown in Fig. 215 may 
be used. Here the incoming signals are fed to the three amplifiers 
marked R, G, B which respectively energize the three coloured 
lamps L, L1, L2. he lamps are so arranged with respect to 
two semi-transparent mirrors M, M1 that the light from each 
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215—Colour-mixing 


ie tea e into the 
picture the colours of the 
three lamps 


is combined and directed on to the single scanning disc, which 
is, of course, rotated at the same speed as the corresponding disc 
at the transmitting end. 

The light from all three lamps is thus swept in succession into 
the eye of an observer and there reproduces the object in its 
natural colours. Instead of being received directly by the eye, 
the reassembled colours may be first thrown on to a viewing screen 
in. the ordinary way. Also it is possible to secure a very fair 
approximation to true colouration by using only two photo-electric 
cells, one for red, the other for green, together with two trans- 
mission lines, and the same number of lamps at the receiving end. 
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The schematic arrangement shown in Fig. 215 will perhaps be 
better understood from an inspection of Fig. 216 where the various 
lamps and mirrors are given corresponding reference letters. The 
semi-transparent mirrors M, Mr are arranged at an angle of 45° 
to each other. The various lamps, it will be observed, are also 
fitted with colour filters to emphasize their natural tints and to 
cut out unwanted rays. 

In operating the receiver, the first thing is to regulate the three 
lamps L, Lx, L 2 so that the combined light from all three appears 
white on the screen. This can be done either by selecting mirrors 
of different reflecting power, or by using colour filters of the 
required density. Signals are now transmitted, through the 
three channels, from a black-and-white object at the transmitter, 
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Fig. 216—Another view of the arrangement of the colour-mixing mirrors shown in 
Fig. 215 


and the strength of the received signals is then adjusted until 
the image shows up in pure black and white. 

At this stage the black-and-white object at the transmitter 
is replaced by a coloured one, which should then appear correctly 
coloured at the receiver. If a single-coloured object is being 
transmitted, say a pure-red flower or an all-green apple, it is 
sometimes necessary, in addition, to adjust the direct-current 
controls at the receiver, in order to correct the “ unbalance ”’ 
caused by one set of P.E. cells being left completely out of action. 

Televising Coloured Films. A similar three-channelled system 
has also been used for televising pictures from a coloured Gm, 
The apparatus at the transmitting end is shown in Fig. 217. The 
photo-electric cabinet contains, as before, three sets of colour- 
sensitive cells from which the red, green, and blue outputs are 
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collected and passed through leads marked R, G, B respectively. 
Light from the arc-lamp A is focused upon the scanning disc D, 
which is driven by a motor M. 

The light passing through the film F is first projected upon a 
dead-white screen S, from which it is reflected back on to the 
P.E. cells. If the scanning disc is rotated whilst the coloured 
film is held stationary, the screen S will receive a coloured image 
of the picture on the film, and the reflected light from this image 
is analyzed by the P.E. cells as in the system already described. 
In order to provide for the usual “ intermittent ’’ motion of the 
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Fig. 217—-A three-channel s: 
for the televising of colouréd films 
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film through the gap, the scanning disc may be provided with a 
corresponding “ blank ” sector. 

Or the disc may be fitted with a uniform spiral of holes, and 
the film so alas that it moves constantly and uniformly past 
the 

Single-Channel Methods. In the Baird system of three- 
colour television, only a single channel is used for transmitting 
the signals, so that it possesses an immediate advantage in this 
respect. On the other hand it is necessary to use sither three 
separate scanning discs, or a single disc provided with three 
distinct sets of spiral apertures, as shown in Fig. 218. One set of 
apertures is covered by a red gelatine filter, the second with a 
green filter, and the third with a blue. 


TELEVISION IN COLOUR © 297 


As before the object to be televised is surrounded by a set of 
photo-sensitive cells, preferably of the colour-selective type, and 
as the scanning disc rotates it is swept in swift succession by a 
ray first of red, then green, and then blue light, followed by red 
again, and so 
on. During the 
red _ traversal 
only those parts 
of the object 
which are 
naturally red 
reflect any 
considerable 
amount of light 
on to the P.E. 
cells. The 
other parts of 
the picture 
absorb this col- 
our, and so 


reflect nothing. 
Fig. z18—-The disc employed for a single-channel three-colour : 
arrangement due to Baird Durin 4 the 
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green traversal 
the green parts similarly contribute their quota of light to the 
P.E. cells, whilst the parts that are otherwise coloured remain 
“dead.” The same applies during the blue traversal. 

The result is that three separate sequence of signals are sent 
out into the ether, the first containing only the red, the second 
the green, and the third the blue “ lights.”” These arrive in the 
same order, and in rapid succession, at the receiver, where they are 
handled by the apparatus shown in Fig. 21g. 

The scanning disc contains the same number of spiral holes 
and is driven at the same speed as the one at the transmitter, 
the three sets of spirals being similarly fitted with red, green, and 
blue filters respectively. Two light sources are used, one a 
neon lamp which provides the red light, whilst the other is a 
mercury-helium lamp. The latter gives a mixture of green 
and blue rays which are separated out by green and blue colour 
filters, 

An important item is the commutator switch, which is so 
arranged that the neon lamp is lit only when the red batch of 
signals are being received. During the arrival of the green and 
blue signals, the neon lamp is extinguished and the helium lamp 
is alone in operation. 
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The result is that as the red spirals on the disc pass the eye 
of the observer, the red batch of incoming ‘signals are modulating 
the intensity of the neon lamp and reproducing the red elements 
of the complete picture. The green and blue components 
are similarly brought into play in quick succession, as the 
corresponding parts of the scanning disc in turn pass the 
observer's eye. 

The sequence of events is so rapid that the eye automatically 
merges the three successive presentations into one complete whole, 
in which the various parts of the picture show up in their natural 
colours. 

Although it might be douse that the scanning speed ought 
to be mcreased to three times that ordinarily used, in order to 
prevent flicker, this is not so in actual practice. The eye retains 
a coloured picture even longer than it does an ordinary black and 
white one, so that the 


persistence - of - vision SINGLE-CHANNEL RECEPTION 
effect comes into play IVEON LYE OF 

to tolerate a lower LAMP ARSERVER, 
speed of projection on ecm AND is 
to the screen. rr eat i‘éoxcuery LAMP 


Colour in the 
Cathode-Ray Tube. 
Celoured effects can 
also be obtained in 
cathode-ray television. 


MOTOR 
In one such system a ! hf 
three-colour screen, of |] = ‘=| 
the kind used in colour 


photography, is 






arranged between the COMMUTATOR 

object and the cathode- SWITCH 

ray tube at the trans- 

mitter, and a similar aonb 

screen is placed be- NALS 

tween the observer and re NING 

the fluorescent screen 

at the receiver. Fig. lege, od ay nly two lamps, the ne neon m provide 
Another plan is to Se Aitess hata Used 40 eaparate Graay 


make the screen itself 
of a mixture of fluorescent materials, each of which produces one of 
the three primary colours. It is necessary, of course, to scan the 
screen separately for each colour. 
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ADVANTAGES OVER DIRECT TELEVISING—SCANNING THE 
FILM—AN EARLY METHOD-——THE MIRROR DRUM—DISC 
SCANNING —- CURVATURE DISTORTION —- METHODS OF 
SYNCHRONISATION — PHOTOGRAPHING SOUND — LINKING 
PICTURES AND SOUND-——THE SOUND TRACK-—THE DIFFERENT 
METHODS—DESCRIPTION OF THE OPTICAL SYSTEM— 
TYPICAL ‘“SOUND HEADS ’—-THE PHOTOCELL CIRCUIT. 


It is a much simpler process to televise a film than it is to televise 
original scenes. As we have seen in an earlier chapter in this 
book, the main difference between the two is that in the one case 
there is only reflected light, while with a film, concentrated direct 
lighting can be employed. 

A television transmitter has to bow to the same limitations as 
does the human eye when viewing a scene. The camera does, too, 
but this is able to accept the whole picture at once. In television 
it is necessary to deal with the picture point by point in successive 
tiny spots. 

The amount of light which is reflected from, say, a piece of a 
man’s coat, or wall, or anything else, maybe smaller than a pin’s 
head, is diminutive to the extreme even when there is full sunshine 
iluminating it. 

But that is all the light that a television transmitter gets when it 
has to handle original scenes. 

With a film hundreds, if not thousands, of times more 
light can be conveyed to the photo-electric cell which trans- 
forms the light variations into fluctuations of electrical 
current. 

A film can be a practically perfect light valve. If it is black all 
over because, perhaps, it is necessary to convey the impression of a 
completely dark room, then it will allow no light at all to pass. 
At the other extreme the photo of a cloudless sky would appear 
as almost clear celluloid and there would be hardly any opposition 
at all to light passing through ti. 


300 _ BOOK OF PRACTICAL TELEVISION 


So it is clear that the amount of light available in film television 
is limited only to the amount which can be developed and con- 
centrated in a thin scanning beam. 

Generally an arc lamp is employed for the reason that it gives 
an extremely intense concentrated illumination. This light is 
focused on to a scanning device which allows a pin point of it to 
go through, and it is then passed to the film via another lens.: 

The density of the film varies from spot to spot, and so it is a 
varying light intensity which ultimately reaches the photo-electric 
cell, 

That in broad outline is what happens in the picture-transmitting 
section of a film television apparatus. But now let us consider in 
detail how the picture is “ broken up.” 

Scanning the 
Film. The moving 
film itself supplies 
scanning in a vertical 
direction. It is mov- 
ing steadily down- 
wards all the time as 
it unrolls from the 
one reel, passes 
through the “ picture 
head,” and so to the 
“ sound head” 

. This movement is, 
HORIZON TALLY of course, created by 
MIOVIINNG LIGHT means of a smooth- 
POINT running electric 

Fig. 220—The film moves smoothly downwards so that motor which operates 

the light scanning is pr teectul only in a horizontal sprockets that fit in 
the perforations at 
the sides of the film. 

T wenty-five complete pictures pass a given point in each second. 
Which is the same thing as saying that one complete picture gocs 
through the “ picture head” (and the ‘ sound anil too) in a 
twenty-fifth of a second. 

With the picture moving downwards at a Sarena speed in this 
way it is obviously necessary only to sweep a light-point across 
horizontally in order to obtain complete scanning (Fig. 220). 

_ One of the illustrations shows the principle of this. A point 

of light is focused on the film so that it shines on the bottom 

left-hand corner of the picture. If this point is swept to the 
right at the same time 4s the film is moved downwards a fraction, 
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there will be a slightly sloping track of light across the picture— 
sloping upwards it should be noticed. 

If the film is kept moving and the light-point very rapidly snapped 
back it will arrive at a point slightly higher than where it started 
from in the first place. A further horizontal movement with the 
film still moving en- 
ables the light-point THE OSCILLATING MIRROR 
to cover another QWwo7o £zecTRIC 
fractional strip of the CELL 
picture just above 
the first one. 

By repeating the 
process of simply 
moving the light- 


et ued 






point horizontally / / 
while the film is RN for 
steadily moving, the x / / 
whole area can be ‘La 
covered. Neth fe ©) 

An Early Method. OSCILLATING 
One of the earliest Mihor 


a as Fig. 221—-In this early method of film scanning the 
methods of obtaining  lightepoint was made to move in a horizontal plane by 


the moving li g ht- means of a small rocking mirror 

point was by means 

of a small mirror which was made to rock to and fro at the desired 
speed (Fig. 221). This was quite satisfactory for the low-defini- 
tion systems. These necessitated the picture being broken up into 
only 30 or so strips. With even 25 pictures per second that meant 
that the mirror had to vibrate a mere 750 times per second. 
But with 240 line scanning and 25 pictures per second the 
mirror would have to vibrate at a 6000 per second rate. 

This might still be possible, but the idea is not practical for the 
reason that an evenly oscillating light-point is unsuitable. It 
might be practicable to arrange for a tiny mirror to sweep a light- 
point from one side of the picture to the other and snap back to the 
starting side at a proportionately much greater rate if it had to do 
this only a few hundreds of times per second. But it could not de 
that 6000 times per second. All that could be hoped for at that’ 
rate would be an “ oscillation ’’ where the movement to the one side 
would be approximately at the same speed as on the return journeys. 

The Mirror Drum. Fortunately, other methods were dis- 
covered. There are two in general use to-day, the mirror drum and 
the disc. The mirror drum is a device like a broad-rimmed wheel 
around the rim of which is arranged 2. number of mirrors. An 
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intense light is focused on one point of the rim and as each mirror 
reaches this so, as the wheel rotates, it sweeps a light-point across 
the film picture. All the mirrors reflect their light-points along the 
ene plane (at the same level). Remember it is the downwards 
movement of the film itself which causes each successive sweep 
to be a little higher up in the picture. That is what we meant 
when we said that the film 
LINE BY LINE supplied the vertical scanning. 
Therefore, the mirror drum 
scanner for films is a simpler 
device than the mirror drum 
used in receiving apparatus. 
The receiving mirror drum 
has to have its mirrors 
tilted at different angles, each 
one giving a light-point sweep 
a little higher than its 
predecessor. 
Disc Scanning. Thesame 
greater simphcity is to be seen 






a 


HO0000000g 


Cc in the disc type of film scanner 
Oo (Fig. 223). In this the holes 
| | do not require to be spiralled 
SOUND as in the disc scanners used in 
Vier Fan FENCH. ~ Trac hecelyine caioment 
GEL ai samen 
MMT The equally spaced holes 


Fig. 222~—-Each picture is traversed by the ; ; 
ight-point in a succession of thin lines are arranged in a circular 


formation. Each hole is 
separated from its neighbours by a distance representing the 
width of the picture. With the disc rotating so that its holes pass 
across the film pictures, a steady and intense illumination is trans- 
formed into a series of light sweeps (Fig. 222). 

In one system the scanning disc is made to rotate twice for every 
picture. Therefore, in each single revolution it deals with half a 
picture. The purpose of this is so that there need be only half the 
holes in the disc. For 240 line scanning there still have to be 120, 
and that is quite enough | 

If it is remembered that the holes have to be spaced to the 
extent of the width of the film picture it will be appreciated that 
the number of holes governs the size of the disc. The width of 
pictures in normal standard film is some threequarters of an inch 
or so. Therefore, a disc with 120 holes for 240 line scanning must, 
have a diameter of more than 2} feet. 

It might be thought that by decreasing the number of holes still 
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further the same definition could be preserved with a proportionately 
smaller disc rotating at a higher speed. But there are limitations. 
As we have said a 120 hole disc revolving twice per picture is 
usually employed for 
240 line — scanning. 
Now there are twenty- 
five pictures per second. 
That means the disc 
must rotate at a rate 
of 50 times per 
second. That is three 
thousand - revolutions 
per minute, to use 
2 pitt r engineering K \ AL ye 
i LLECTRIC 
For higher speeds it ee ay 
is necessary to adopt 
special measures. 
Thus in Germany 300 
line scanning is 
achieved with discs 
rotating in vacua at 
speeds up to 6000 
revs per minute. 
But it is not 
desirable to have a very 
small disc with few | 


A MODERN METHOD 
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holes for a reason Si AleaD 
that is not connected Jo JAKE OFF SOUND 
at all with speed of Fig. 223—A simplified illustration of the modem 


rotation. disc method of film scanning 

For ideal horizontal 
scanning the light-point should move across the picture in a 
straight line. 

Curvature Distortion. With a disc scanner the light-spot is 
bound to follow a curved course, and the curve becomes more pro- 
nounced the smaller the disc is made. If the receiving scanning 
were by means of a similar disc that would afford correction, but 
if, as much more likely to be the case, a cathode-ray scanner is 
employed at the receiving end the picture is distorted. 

This distortion is so slight as to be quite unnoticeable when the 
240 line two-revolutions-per-picture scanning disc figures in the 
transmitter. But with a smaller, fastcr-rotating disc it might 
become very marked indeed. 


304 BOOK OF PRACTICAL TELEVISION 


It is interesting to note that the curvature of the picture is 
exactly opposite at the receiving end. This can easily be explained. 
Supposing the transmission were to employ a small disc giving 
exaggerated curvature distortion. At the receiving end there 
might be a cathode-ray outfit. Now the cathode-ray tube does 
give straight line scanning, the straight lines being tilted very 
slightly, although this is a quite unnoticeable effect. 

While the light-spot was sweeping the film at the transmitter 
it would follow a series of arcs. Let us take one line. It starts 
at a certain point to the one side of the picture and first sweeps 
upwards to some extent, as well as sideways. 

The higher points in the picture it reached would be brought 


EFFECT OF CURVATURE DISTORTION 
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Fig. 224—On the left is shown the track of a papel pe across the picture to be 


trans- 

which is following a curve instead of the ideal straight course. On the right is 

depicted the effect caused at the receiving end. Here the scanning is in straight lines, 
but nevertheless the picture is distorted 


down lower at the receiving end because the receiving scanning 
spot is not following the same arc but is preserving a virtually 
straight line. At least, it ought to be though im many instances 
it will be found that there will be curvature distortion due to 
other causes inherent in the reception apparatus (Fig. 224). 

But this 1s not likely to interfere to any appreciable extent with 
the enjoyment of the picture. When it is present at all it will 
mostly miss the attention of all but the expert and critical “ looker.” 

Methods of Synchronisation. There is still another important 
aspect of the televising of films with which we must deal, and that 
is the synchronisation. It is not enough to send the electrical 
equivalents of a string of light spots through the ether. There must 
also be a synchronising signal to enable the receiver to keep exactly 
in step so that as the transmitter analyses the picture so in syn- 
chronism the receiver can build it up. 
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The Baird sy&tem ingeniously uses the black borders which are 
to be found surrounding a film picture. The light-spot is extended 
in its travel so that it takes in the side border at the end of each of 
its horizontal sweeps. #or each line in the scanning operation 
there will be a momentary period of “no light at all.” This pro- 
duces a six thousand per second frequency in 240 line, 25 picture 
transmission which can be used at the receiving end for synchronis- 
ing purposes in the manner which has been described elsewhere 
in this book. 

An E.M.I. method introduces an independent synchronising 
signal, independent of the picture and its light-spot, though natur- 
ally of a correctly corresponding frequency. This frequency is 
embodied in the transmission at a greater depth of modulation. 
That is to say, it is a much stronger si than are any of the 
impulses connected with the picture. This makes it a fairly simple 
matter to render the synchronisation distmet from the picture fre- 
quencies at the receiver. To put it another way, none of the 
electrical impulses used for building up the picture can be as strong 
as the synchronising impulse, however great are the contrasts of 
light and shade in the picture. 

Our detailed examination of the processes concerned with the 
televising of talkies must surely have brought one outstanding 
fact into prominence, and that is, that the whole business is a purely 
electro-mechanical operation. Once the apparatus is initially 
adjusted the human element plays practically no part at all. Any 
length of film can be fed into the machine, and it can then be left 
to carry on for just as long a period as required, with only one or 
two engineers present for maintenance purposes. Indeed, there 
are few, if any, greater difficulties than are met with in the running 
of an ordinary projection installation in a cinema. 

From the point of view of broadcasting engineers therefore, 
televising talkies is an extremely attractive proposition. G.V.D. 


Photographing Sound. The type of film which we have 
come to know as a “ talking film ” is a cnematograph film which 
tarries a photographic record not only of the pictorial scenes but 
also the sounds which accompany them. This includes films 
qnade in the large film studios, with famous stars in the lead, as well 
gs news films taken here, there and everywhere. 

It also includes a new scheme which has come to the fore in 
connection with television, and that is the method of televising 
"a broadcast studio shoW or a news item, within a few seconds 
of its performance by first making a “ talking film” of the 


306 BOOK OF PRACTICAL TELEVISION 


performance and then immediately televising ft. The reasons 
for doing this, instead of televising it directly, are explained 
elsewhere in this book. 

Now when any pictorial scenes are teansmitted by television 
through the ether to our homes the scenes themselves are sent 
on one wavelength, usually a very short one for high definition, 
for example, Berlin is using 6.9 metres, and the sounds which accom- 
pany those scenes are sent on another wavelength, and it is not 
very important what wavelength is chosen since the only require- 
ments are those at present existing for normal broadcasting of 
sound. . 

There is one very important point which must not be overlooked 
and that is the absolute necessity that the sounds exactly accom- 
pany the scenes. There must not be any delay nor lack of syn- 
chronisation between the pictures and the sound. 

Linking Pictures and Sound. The reason for emphasizing 
this point is to make it quite clear that when a scene is televised 
through the intermediary of a cinematograph film it is quite 
impossible to transmit the sound direct from the microphone as at 
present with simple sound broadcasts. It is true that the best 
results appear to be promised by the method in which the scene 
is first photographed on to a cinematograph film, since this lends 
itself much better to the scanning systems than does the original 
scene but it is not possible to process a film in no time at all. 

Hence it will be appreciated that although such a film can be 
processed and scanned within about twenty seconds of taking 
the scene, such a delay, even if it were much less, means that the 
sound also must be recorded and transmitted afterwards in syn- 
chronisation with the pictures. 

The Sound Track. Since it is intended to use the intermediate 
film method almost always and only rarely to televise the scene 
direct through the high definition service, it is very interesting to 
see just how the sound-via-film will be done. 

In order to understand just how the sound is transmitted from 
the film to your houses, it is necessary to know the form in which 
it is recorded on the film, so that we must briefly review the way 
in which the recording is done, 

In the first place the sound is usually recorded along one edge 
of the film at the side of the pictures, as seen in the sketches. 
The width of the sound track is one tenth of an inch. The film is 
35 millimetres wide overall, and there are 25 pictures a second 
on television talking films. Each picture in the film is } in. high 
so that 25 pictures, that is one second’s showing, require a length 
of 18} in. of film. 
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_. Lhis then is the rate at which the film moves past the gate where 
the sound is recorded on it and likewise it will have to move at the 
same rate through the gate where the sound is taken from it for 
transmitting. If a standard talking film of 24 pictures a second 
recording (as used in cinemas) is transmitted in the same apparatus, 
and certainly television will have to be constant at 25 pictures a 
second, the difference in the animation of the scenes will be barely 
perceptible while the pitch of the sounds will all be raised 4 per cent, 
which is very little. 
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Fig. 225——-The fundamental principle behind practically all methods of recording 
sound on films 


If you want to see just what this difference means, play a gramo- 
phone record first at the correct speed of 78 and then at 81, and the 
Jatter will be as near as possible the pitch at which a standard 
talking film will have to be transmitted on the,new 25 picture per 
second television system. 

The Different Methods. All sound which is recorded on film 
is done so in a very simple manner. Different methods vary in 
minor details, but the principle is illustrated in Fig. 225, where L is 
a powerful light, which is focused by the lenses F and F! on to the 
film, which is moving smoothly in the direction shown by the arrow. 
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The sounds from the microphone M pass through the amplifier 
and control a device D in the path of the light. This device can 
take one of several forms, but they all function merely by controlling 

the amount 


THE “SOUND TRACK” | of the light 
cas i passing 
through F! 
qe on to the film 
re in accor- 
b ay t h e, signals 
é 


coming from 
the sound 
amplifier and 
microphone. 


; 2 Fig. 226 (a) 
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Fig, 226—At (a} is shown the appearance of a sound track : 

recorded on a film by the ‘‘ variable density '’ method. (B)} with two 

illustrates a simple ‘' variable area '’ recording common 


methods. 

Such a simple method suffers from “ background noise,” which 
in the case of Fig. 227 (b) is due to dirt and photographic specks 
on the transparent part of the film. This is overcome by incor- 
porating a further device in the recording system to block out the 
greater part of the clear area, giving the recording of the type shown 
in Fig. 227 (a). A further modification of this is shown in 
Fig. 227 (b). Another method to obtain the same _ noiseless 
recording is shown by the sound track in Fig. 227 (c). 

Description of the Optical System. It is very fortunate 
that no matter what system is employed for recording the sound, 
the films can all be used in the same apparatus for reproducing the 
sound without requiring any change at all. The method for doing 
this is in principle very simple. Fig. 228 (a) shows the essential 
elements of the optical system. 

Again there is a source of light X, which is focused on to the film 
by the lens f and f!. Between these lenses there is a mask with a 
slit in it, this slit being .oor5 in. wide, and about .18 in. long. 
This is focused by the lens f! down to a width of .oor in. wide and 
further masked down to a length of .o8 in. on the sound track of 
the film. In Fig. 228 (b) this can be seen in perspective view. 

The sound track itself is .1 in. wide, so that the slightly shorter 
length of the light image (.o8in.) on this allows for slight 
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unevennesses at the edge of the sound track since these are not 
used. The position of the light and the lenses must, of course, be 
accurately adjusted to ensure satisfactory working. 

In Fig. 228 
(c). there is : 
shown a very CUTTING OUT NOISES 


inter®s ting 

mo d ification 

of the optical | 

system “ | 

whereby the | 

ordinary 

lenses f and f! _ 

are replaced 

by two : 

cylindrical 

lenses. One 

of these 

cylindrical 

Jenses fo- 

cuses the 

light image 

down in one 

direction, 

while the 
(4) (c) 


other cylin- 
focuses it Fig. 227—Methods of reducing the clear areas of a sound 





drical lens (@) 
‘ track in order to reduce background noises due to dirt and 
down in the photographic specks on the transparent area: 


other direc- 
tion. 

This method has the advantage that it needs no mask with a slit, 
since the two cylindrical lenses are able to reduce the size of the 
image with full efficiency, and gives at the same time a much sharper 
image. Not only is the width of the beam reduced to .ooor in. 
which is one-tenth of the width given by the “ slit’ method, but 
moreover the whole of the light is used, which normally means three 
or four times greater brilliance with, of course, this increase in the 
sensitivity of the system. 

Typical ‘‘ Sound Heads.’’ It will be seen that as the film 
moves in the direction shown by the arrow the amount of light 
transmitted by the sound track will fluctuate in accordance with 
the sound record on the film. This fluctuating transmitted light. 
falls on to a photo-electric cell, often called simply a photocell. 
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The general layout of the parts known as the sound head can be 
seen in Fig. 229, where the light source L is seen on the left in its 
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Fig. 228-——The uppes illustrations show the optical system in mira 2 


ammatic and per- 
spective forms, At C is depicted an interesting modification, in which cylindrical lenses 


are employed tender the use of a mark and slit unnecessary 


housing, and the photocell is on the right. The film is travelling 
downwards and comes from the television scanning apparatus 
situated above, of which only the photocell is shown. 
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Jn cinema projectors the film moves intermittently through the 
picture gate, but smoothly in the sound-head. In television it is a 
great advantage that the film moves smoothly in both places, which 
conduces to very sweet running, and accurate results. 

Where the film enters the sound head it runs over two sprockets 
S and S! between which the light passes through the sound track. 
It will be noticed that when this light beam is “ reproducing ” 
the sound at one point on the film the picture scanner above has 
already scanned and broddcast the pictorial scene. On the face 
of it therefore there is a ‘‘ delay ” which we previously said must be 
avoided. Actually, ‘the amount of film between the sound gate 
and picture gate has been standardised at 144 inches. Accordingly 
in all talking films the sound is recorded this amount ahead of the 
pictures on the film, hence in the reproducer they are then exactly 
in synchronism. 

The speed of the sprocket S! is very carefully governed because 
it is essential that the film moves past the light beam at a perfectly 
constant speed. The film passes over a third sprocket S? before 
it enters the take-up magazine, this sprocket being known as the 
hold-back sprocket. The film is arranged to form a loop between 
S! and S2 thereby avoiding any jerkiness. Any variations in the 
speed of the film as it passes the light beam become very apparent 
as a whine just as when a gramophone motor ‘is running with a 
periodic variation. 

In fact, the whole system can Be very conveniently likened 
to a gramophone, and such analogy enables its functioning to be 
very easily understood. Clearly the film is equivalent to the gramo- 
phone disc since it carries the record. Next we have thé light beam 
which ‘“‘ bears’”’ on the film just as the gramophone needle bears 
on the disc. Then just as the gramophone needle, by its vibratory 
movement sets up electrical fluctuations in the coil of the pick-up, 
so. the light beam sets up electrical fluctuations in the potential 
across the photocell. Hence it is immediately obvious that the 
photocell is connected into the subsequent amplifying circuit 
on the same principle as a gramophone pick-up. There is a minor 
difference due to the fact that the photocell requires to be supplied 
with an external source of steady potential. 

‘The Photocell Circuit. You will see how the photocell circuit 
is connected to the first valve in Fig. 231. If the resistance R is 
neglected for a moment we see that we could simply replace the 
photocell by a pick-up and have quite a normal pick-up circuit. 
The condenser C is, of course, essential with the photocell when 
the resistance R is in position. Through this resistance R the high 
tension voltage (also known as polarizing voltage) is supplied to 
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A COMPLETE “SOUND HEAD” 
Fig. 229—After passing through the television picture scanning apparatus the 
film is taken to the ‘‘ sound head ’’ so that its ‘‘ sound track '’ can be trans- 
formed into electrical impulses suitable for broadcasting 


the anode of the photocell. In the case of the Osram CMG 8 photo- 
cell the resistance has a value of 500,000 ohms. 
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The Osram CMG 8 is much more sensitive than the older type 
cells in which the cathode was potassium. In the new cell the 
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cathode is caesium on a silver oxide undercoating, while the bulb is 

filled with argon gas. When light falls on the cathode, the shape 

of which is a 

FROM LIGHT TO ELECTRICITY vee-shaped 

: (2OV plate, current 

flows to the 

anode, this 

| current being 

4 : rtional 

PHOTOCELL pene es A . : 
AND 

TRANSMITTER amount 0 f 

C> . the light. 

7 It is very 
smal], being 
measured in 

micro- 
ie amperes. 


F 1-—-The photo-electric cell is eanected bs ‘eee valve by 
— : means of « resistance or capacity coupling L. E. T. B. 
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Chapter 26 


ULTRA-SHORT WAVE TRANSMITTERS FOR 
TELEVISION 


In which Sir Noel Ashbridge, B.Sc., M.1.E.E., Chief Engineer of 

the British Broadcasting Corporation, discusses the problem of 

transmitting high-definition television and compares the appara- 
tus used with that employed for normal sound broadcasting. 


Although there are no new fundamental principles involved in 
television transmitters working on ultra-short wavelengths as 
compared with those for sound broadcasting on ordinary wave- 
lengths, there are very wide practical differences. The two trans- 
mitters may not look very dissimilar at first sight but there are 
some very interesting problems which have to be solved in order 
to transmit television, chiefly concerning the actual extent of 
the performance. In the case, of high definition television, a 
technique is involved which a few years ago would have been 
looked upon as impracticable and almost fantastic, in fact, it may 
be said truthfully that recent achievements in this direction are 
really astounding, particularly to the engineer who is familiar with 
the design of ordinary broadcast apparatus. 

Let us first consider briefly what a transmitter has to do, whether 
it is intended for vision or sound, confining ourselves to the straight- 
forward methods of modulation. All ordinary transmitters start 
by generating continuous waves at the required carrier wave 
frequency, using apparatus which is capable of maintaining an 
accuracy to the extent of say ten parts in a million. These 
oscillations are usually produced at a very low level, say a few 
watts, which are then magnified to the required carrier power of 
many kilowatts by several stages of amplification, the valves 
getting bigger with each successive stage. 

So far there will be no striking difference whether the transmitter 
is for ordinary sound or vision, ordinary broadcast waves, or ultra- 
short waves. It should be mentioned, however, that the design 
of the ultra-short wave transmitter is much more difficult, mainly 
owing to capacity effects which cannot be got rid of, such as those 

the electrodes of the valves, and the inter-connecting 
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a while the latter will give unwanted inductive effects as 
well. 

_ Having produced a carrier wave the next thing we have to do 
is to modulate it, either with a band of frequencies corresponding 
to speech or music, or those corrésponding to the scanning of a 
moving picture or a scene. Some transmitters (such as those 
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It has been ap that the television transmitters at the ce Alnrendra Palace should 

provide good service up to a distance of 25 miles, and the above map shows the places 
vnich will fall within the area covered by ‘that range. Successful reception of 
television ultra-short wave transmissions has, however, been accomplished at greater 

distances 

used in the B.B.C. Regional Stations) modulate the carrier before 
it has been magnified to the full rated power of the transmitter, 
but others modulate during the final stage of amplification. 
Perhaps it will be easier to follow the problem if we keep in mind 
particularly the latter type of modulation. If we are going to” 
send out music or speech we must modulate with frequencies all 
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of which, of course, are audible, and which extend from say 50 
cycles per second up to not more than about 10,000 cycles per 
second, so that if we were working on a wavelength of, for example, 
300 metres, i.e., 1,000,000 cycles per second, then the overall 
band transmitted would be from 1,000,000 — 10,000 to 1,000,000-+ 
10,000, i.e., 990,000 to 1,010,000 cycles per second. (The figures 
are given throughout the article in this way for simplicity’s sake 
instead of the more usual kilocycles and megacycles.) 

In the case of high definition television we must endeavour to 
modulate with frequencies extending from almost zero up to 
somewhere in the neighbourhood of possibly 2,000,000 cycles 
per second. Obviously, in this case most of the band is above 
audibility. The upper limit of frequency depends on the degree 
of definition required, that is, broadly speaking, the number of 
lines with which each picture is scanned, and the number of 
complete pictures transmitted each second, the latter determining 
the steadiness, or absence of flicker, of the picture. 

To compare this with the case we took for sound broadcasting, 
let us assume that we wish to televise on a wavelength of 6 metres, 
i.e., 50,000,000 cycles per second. In this case our vision trans- 
mission would have to cover an overall band of frequencies of 
50,000,000 — 2,000,000 to 50,000,000 + 2,000,000 cycles per second, 
that is to say from 48,000,000 to 52,000,000 cycles per second. 
If now we work out the overall width of band to be covered in 
each case as a percentage of the carrier frequency, we find that 
for vision it is necessary to cover a band equivalent to 8% of the 
carrier frequency, and in the case of sound only 2% (assuming a 
wavelength of 300 metres). If we compare the two band width 
percentages, taking the same carrier wave of 6 metres, then we 
get 8% as before for vision, and only .04%, for sound. This is 
difficulty number one, but not the only one. Now let us consider 
what is involved when an attempt is made to produce a band of 
modulation frequencies say from 0 to 2,000,000 cycles per second. 
In this case the top modulation frequency is higher than the highest 
radio frequency used for ordinary broadcasting, that is to say 
1,500,000 cycles per second (200 metres). 

Having said this it is hardly necessary to remark that this band 
of frequencies could not be made to modulate an ordinary broadcast 
wavelength because one cannot modulate—in the ordinary sense 
of the word—with a frequency higher than the carrier frequency:' 
Moreover, there are only about 1,000,000 cycles per second between 
athe top and bottom limit of the ordinary medium broadcast band 
of 545-200 metres. As for the lower limit of modulation frequencies, 
there are very few sound transmitters working to-day which reach 


TRANSMITTERS FOR TELEVISION 317 


30 cycles per second with any degree of faithful reproduction, and 
certainly none which reach anywhere near zero. Thus the modulator 
system for television must be so designed that it will magnify both 
radio frequencies and audio frequencies equally at the same time. 
This is a problem which may not perhaps be very impressive 
unless one has attempted to build amplifiers which are distortionless 
to say 15,000 cycles per second, a trifling figure compared with 
that necessary for television. 

These few facts will make it clear that the outstanding difference 
between the two transmitters which we started out to compare 
exists in the width of the side band frequencies, that is to say, 
the modulation frequency band. It is really remarkable to think 
that satisfactory ultra-short wave transmitters of considerable 
power, which can handle television, have been evolved after only 
a very few years of work, particularly when one considers that the 
present broadcast transmitter has been developed over at least 
some 12 years of practical working. 

Another interesting point arises incidentally from the above, 
namely that although it is frequently stated that there is room 
for hundreds of stations between, say, 5 and 10 metres, this is far 
from true if the stations concerned are transmitting television. 
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